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At  thefe  words,  p  17.  [I  fhall  not  fail 
communicating  them  to  you]  put  an 
afterifm,  and  add  the  following  note  : 

The  phenomenon  here  referred  to  is,  that* 
whereas  I  expe&ed  it  would  turn  out  hard  pig- 
metal,  it  in  fa£l  turned  out  tolerably  malleable 
fteel ;  which  was  the  cafe  alfo  in  various  trials 
upon  all  kinds  of  mine-done.  But  concerning 
this  matter  I  need  fay  no  more  in  this  place,  as  it 
is  fufficiently  confidcred  in  the  Second  Effiay ;  ex¬ 
cept  only  juft  to  remark  the  difference,  which  muft 
of  neceffity  happen  between  an  experiment  made 
upon  a  fmall  quantity  of  ore  in  a  crucible,  where 
the  external  air  can  have  no  admiffion,  and  that 
made  in  a  large  fmelting- furnace  by  the  violent 
blaft  of  an  enormous  pair  of  bellows.  In  the 
former  cafe,  the  efficacy  of  the  charcaol,  mixed 
up  along  with  the  ore,  is  difpenfed  in  a  flow  and 
nearly  inlenflble  manner  ;  whereas  in  the  latter, 
both  the  ore  and  the  coal  are  almoft  inllantly 
torn  to  pieces,  and  the  fait  and  fulphur  before 
locked  up  in  the  charcoal  are  as  fpeedily  fct  at 
liberty,  and  powerfully  excited  to  execute  their 
office.  So  that  in  the  latter  cafe,  it  is  not  at  all 
furprizing,  that  the  metal  fliould  be  much  harder 
and  more  fragile,  than  in  the  former  ;  but  in  both 
cafes,  it  is  extremely  evident,  that  the  ferrugineous 
atoms  are  fairly  converted  into  fteeL 
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OBSERVATIONS 


AMERICAN  SAND-IRON. 


To  Mr.  JOHN  ELLICOT. 

S  I  R, 

i  S  the  affair  of  the  rich  American 


Iron  Ore,  commonly  known  by  the 
name  of  the  Virginia  black  land,  has  of 
late  not  only  engaged  the  converfation  of 
many  of  the  Virtuofi,  but  has  been  taken 
very  particular  notice  of  by  the  Society 
for  the  encouragement  of  arts  and  ma- 
nufa&ures;  I  thought  myfelf  obliged, 
for  many  reafons,  to  lay  before  you  what- 
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ever  has  come  to  my  knowledge  relating 
to  this  difcovery,  either  from  my  own 
experiments,  or  from  the  information  of 
others.  And  I  engage  in  this  fervice 
with  the  greater  pleafure,  as  I  look  upon 
it  to  be  one  of  the  moft  interefting  dif- 
coveries,  with  regard  to  this  ufeful  njetal, 
that  has  come  to  our  knowledge  for  fome 
ages,  and,  if  rightly  conduced,  may 
prove  of  infinite  fervice  to  us  in  this  part 
of  the  world,  as  well  as  to  the  inhabitants 
of  our  colonies,  where  (as  it  has  been 
luppolcd,  though  without  fufficient  foun¬ 
dation)  this  difcovery  was  firft  made. 

Without  any  farther  preface  or  apo- 
l°gy,  permit  me  to  remind  you,  that,  in 
a  converfation  which  formerly  palled  be¬ 
tween  us  upon  this  iubjedt,  I  acquainted 
you,  that,  about  twenty  years  fince,  I 
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was  engaged  in  making  a  variety  of  ex¬ 
periments  upon  the  nature  of  Iron  Ores, 

and  Steel  j  and  that  I  then  made  a  very 

* 

particular  enquiry  into  the  nature  of  this 
black  fand,  and,  in  the  courfe  of  thele 
experiments,  feveral  very  interefting  phe¬ 
nomena  difeovered  themfelves,  which,  as 
they  might  be  of  great  fervice  to  the 
world  in  general,  and  more  efpecially  to 
fuch  as  are  concerned  in  fmelting  of  the 
iron  from  the  ore,  I  had  thoughts  of 
communicating  to  the  public*,  but,  as 
my  bufinefs  will  not  permit  me  to  go 
through  the  whole  at  prefent,  I  fhall 
confine  myfdf  to  what  relates  to  the 
black  fand. 

I  procured,  from  Mr.  Adams  the  Vir¬ 
ginia  merchant,  a  fufficient  quantity  of 
the  fand,  and,  in  order  to  eftimate  its 

B  3  com- 
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comparative  weight  with  that  of  iron  ore, 
I  procured  fome  of  the  richeftore  I  could 
get,  which  having  reduced  to  powder,  I 
filled  an  ordinary  tea-cup  with  it.  I  af¬ 
terwards  filled  the  fame  cup  with  fome 
of  the  fand,  and  upon  comparing  the 
weights  with  each  other,  I  found  that 
the  weight  of  the  fand  was  to  that  of  the 
ore  as  3  to  2 ;  and  having  taken  notice 
hew  readily  the  fand  was  attracted  by  the 
magnet,  I  was  convinced  that  the  fand 
muft  certainly  contain  a  very  confiderable 
quantity  of  Iron,  and  therefore  determined 
to  make  trial  of  it.  I  was  however,  for 
fome  time,  interrupted  in  my  defign,  by 
information  I  received  from  a  friend, 
that  fuch  an  enquiry  had  been  made 
many  years  before,  by  a  member  of  the 
Royal  Society,  and  a  gentleman  of  efteem 
as  a  chemift,  but  without  fuccefs;  and 

that 
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that  the  experiments  were  publifhed  in 
the  2d  vol.  of  Lowthorp’s  Abridgment 
of  the  Philofophical  Tranla&ions.  As 
this  account  is  very  fhort  as  well  as  cu¬ 
rious,  I  fhall  take  the  liberty  to  give  it 
you  entire,  with  feme  few  remarks 
upon  it, 

l#  A  black  fhining  fand  from  Virginia 
examined  by  Dr.  All.  Moulen. 

A  fmall  vial  filled  with  ordinary  white 
fand,  and  containing  only  3  i.  gr.  xi. 
being  filled  with  the  Virginia  fand,  was 
found  to  contain  jij.  9ij.  gr.  i. 

This  fand  did  apply  to  the  magnet 
both  before  and  after  calcination  *  but 
the  latter  did  apply  better  to  it  than  the 
former. 

B  4 
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A  parcel  of  this  fand,  mixed  and  cal¬ 
cined  with  powdered  charcoal,  and  kept 
in  a  melting  furnace  for  about  an  hour, 
yielded  no  regulus  :  but  applied  more 

vigoroufly  to  the  Loadftone  than  either 

% 

of  the  former. 

I  fluxed  a  parcel  of  this  fand  with  fixed 
nitre,  in  a  melting  furnace,  for  above 
an  hour-,  but  could  obtain  no  regulus  j 
nor  any  fubftance  that  would  apply  to 
the  magnet,  except  a  thin  cruft  that 
ftuck  firmly  to  a  piece  of  charcoal  that 
dropt  into  the  crucible  when  the  matter 
was  in  fufion. 

I  fluxed  it  alfo  with  falt-petre  and 
powdered  charcoal*,  dropping  pieces  of 
charcoal  afterward#  into  the  crucible.  It 
continued  about  half  an  hour  in  the 

melting 
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melting  furnace  in  fufion,  and  that  with¬ 
out  producing  a  regulus,  or  a  fubftance 
that  would  apply  to  the  magnet,  ex¬ 
cepting  only  what  ftuck  to  the  charcoal 
as  in  the  former  experiment* 

I  fluxed  another  parcel  of  it  with  fait- 
petre  and  flower  of  brimftone,  without 
being  able  to  procure  any  regulus* 

I  poured  good  fpirit  of  fait  on  a  parcel 
of  this  fand,  but  could  obferve  no  lucta- 
tfon  thereby  produced. 

I  poured  fpirit  of  nitre,  both  ftrong 
and  weakened  with  water,  on  parcels  of 
the  fame  fand,  without  being  able  to  dis¬ 
cover  any  conflict. 

B  5 
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I  poured  fingle  aqua  fortis  upon  ano¬ 
ther  parcel  of  it,  without  being  able  to 
perceive  any  ebullition  worth  noting. 

I  ufcd  alfo  double  aqua  fortis  upon 
another  parcel  of  it,  which,  for  ought  I 
could  difcover,  had  no  more  effeft  on  it 
than  the  former. 

I  poured  fome  aqua  regia  on  a  parcel 
of  it,  without  difcovering  any  fenfible 
efTeft.  I  poured  good  oil  of  vitriol  upon, 
another  parcel  of  this  fand ;  but  feeing 
no  bubbles  thereby  produced,  I  weakened 
the  oil  with  water,  but  without  any  vifible 
effe<5t. 

I  repeated  all  the  former  experiments 
with  the  menftruums  upon  this  fand  after 
calcination  per  fe  in  a  crucible,  but  could 

fcarc® 
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fcarce  obferve  a  bubble  produced  by  any 
of  them. 

I  poured  fome  of  each  of  the  liquors 
upon  parcels  of  the  powder  of  this  fand 
calcined,  without  any  fuccefs. 

Note,  That  I. made  thefe  experiments 
both  in  the  cold,  and  upon  a  fand  furnace.. 
So  that  to  me  there  feems  to  be  but  little 
wanting  to  difcover  any  metal  known  to 

us,  if  it  contained  any  fuch  :  for  there  is 

% 

po  metal  nor  ore  that  fome  of  thefe  men- 
ftruums  will  not  work  on, 

I  powdered  a  fragment  of  a-  load(loney 
and  poured  fome  of  thefe  mendruums 
upon  it,  without  being  able  to  find  that 
they  in  the  leaft  preyed  upon  ir,  any 
more  than  they  did  upon  the  fand.  •  .  > 
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I  poured  feme  ot  the  aforementioned 
menftruums  upon  ordinary  land  taken 
out  of  a  fand  furnace,  where  it  muft 
have  iuffered  fome  calcination  ;  but  could 
find  no  more  bubbles  produced  thereby* 
than  what  might  rationally  be  fuppofed 

to  be  produced  from  lime,  and  other  dirt 
mixed  with  the  fand.” 

Having  thoroughly  conftdered  thefe 
experiments,  they  appeared  to  me  far 
from  being  decifive,  and  that  if  the 
Doctor  had  placed  more  confidence  in 
the  power  of  the  magnet,  and  lefs  in  his 
menftruums,  he  would  rather  have  con¬ 
cluded  that  there  might  be  fome  forts  of 
iron  ore  which  his  menftruums  would 
not  touch  in  the  moift  way,  nor  any  regu¬ 
lars  be  produced  from  them  in  the  dry, 
as  he  made  ufe  of  them,  which  yet  might, 

under 
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under  feme  other  hands,  be  fubdued,  by 
more  apt  and  powerful  methods  than  any 
which  at  that  time  he  was  acquainted 
with. 

However  I  apprehended  I  might  fairly 
draw  this  conclufion  from  his  experi¬ 
ments,  viz.  that  the  fand  was  not  alto¬ 
gether  and  fimply  iron,  but  that  it  was 
ftrongly  united  with  a  very  ftubborn, 
fixed,  and  permanent  earth,  which  could 
not  be  feparated  from  it  without  fome 
extraordinary,  as  well  as  powerful  means; 
but  I  could  not  think  this  a  fufficient  ob¬ 
jection  to  the  profecution  of  an  experi¬ 
ment,  which,,  if  it  fucceeded,  might  be 
attended  with  very  happy  confequences. 
Proceeding  therefore  upon  this  fuppofi- 
tion,  I  mixt  up  about  8  or  9  ounces  of 
the  fand,  with  a  proportional  quantity  of 

a  ftrono; 
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a  ftrong  corrofive  flux,  which  I  put  to¬ 
gether  in  a  crucible,  and  committed  it  to 
a  very  ftrong  fire  in  an  excellent  wind- 
furnace,  where  I  kept  it  for  between  two 
and  three  hours,  hoping  by  this  means  to 
have  anfwered  the  intended  purpoie ;  but 
I  confels  I  was  not  a  little  furprifed,  that, 
after  the  crucible  was  taken  from  the 
fire,  I  could  not  find  one  Angle  grain  of 
metal  in  the  remaining  contents. 


Hr 


This  difappointment  greatly  puzzled 
me,  till  having  thoroughly  examined  into 
the  unexpected  event,  without  being  able 
to  difcover  any  reafon  fufficient  to  incline 
me  to  recede  from  my  former  opinion* 
as  to  the  component  parts  of  the  fand,  I 
concluded  that  the  flux  might  poflibly 
be  a  very  improper  one ;  for  though  it 
might  have  effected  the  intended  repara¬ 
tion,. 
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tion,  yet  it  might  at  the  fame  time  he 
lufticiently  powerful  to  divide  the  parti¬ 
cles  of  the  metal,  when  feparated,  fo  very 
minutely,  as  to  be  capable  of  fubliming 
and  carrying  them  off  imperceptibly : 
And  finding  the  contents  greatly  dimi- 
nilhed,  fo  that  the  quantity  remaining 
bore  but  afmall  proportion  to  that  which 
was  firft  put  into  the  crucible,  I  con¬ 
cluded  that  this  muft  really  have  been 
the  cafe,  and  that  fome  very  different 
method  muft  be  purfued  in  order  to  pro¬ 
duce  the  defired  effects.  I  immediately 
determined  to  make  a  fecond  trial, 
in  which  I  proceeded  in  the  following 
manner.  I  took  the  fame  quantity  of 
land  made  ufe  of  in  the  former  experi¬ 
ment  •,  and  firft  1  fpread  it,,  without  any 
addition  to  it,  upon  an  iron  plate  over 
a  ftrong  fire,  where  I  gave  it  a  very 
7  powerful 
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powerful  torrification  (or  roafting),  to  try 
if,  by  that  means,  I  could  not  relax,  and 
loo  fen  the  component  parts  to  fuch  a  de¬ 
gree,  as  to  make  the  feparation  and  re¬ 
duction  of  the  metal  more  eafy,  when  I 
fhould  bring  it  into  the  furnace.  When 
I  had  fo  done,  I  mixed  it  up  with  a  flux 

of  a  very  peculiar,  but  gentle  nature, 
which  I  had  before  made  ufe  of  for  other 
purpofes  with  great  fuccefs,  and  com¬ 
mitted  it  (as  in  the  former  experiment) 
to  the  furnace,  where  I  urged  it  by  a  very 
ftrong  fire  for  about  three  hours,  and 
upon  taking  it  out,  I  found  the  event 
anfwerable  to  my  moft  fanguine  expecta¬ 
tions  :  for  in  the  bottom  of  the  crucible  I 
found,  as  near  as  I  can  remember,  rather 
more  than  half  of  the  fand  I  put  into  the 
crucible  reduced  to  a  very  fine  malleable 
metal. 
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In  this  very  agreeable  experiment  I 
met  with  a  very  furprizing  phenomenon, 
which,  as  I  am  not  at  prefent  able  to  de¬ 
termine  whether  it  was  only  cafual,  or 
what  would  always  happen  in  the  like 
experiments,  you  will  excufe  my  di¬ 
vulging  at  prefent,  efpecially  as  you,  Sir, 
by  furnifhing  me  with  a  frefh  parcel 
of  the  fand,  have  enabled  me  to  mako 
fome  farther  trials  •,  which  I  fhall  embrace 
the  firft  opportunity  of  doing  *,  and  fhould 
I  be  fo  happy  as  to  confirm  what  I  then 
obferved,  or  to  make  any  farther  dif- 
coveries  deferving  your  notice,  I  fhall 
not  fail  communicating  them  to  you. 

Being  fully  convinced,  by  the  experi¬ 
ment,  that  the  fand  was  a  very  rich  iror\ 
ore,  I  acquainted  fome  of  my  friends 
with  it,  who  being  largely  engaged  in 

trade 


[  r8  ] 

trade  to  thofe  parts  of  our  American  co¬ 
lonies,  where  I  was  informed  this  fand 
was  to  be  eafily  procured,  and  in  very 
large  quantities,  I  was  in  great  hopes  an 
account  of  this  nature  would  have  in¬ 
clined  fome  of  the  gentlemen  in  that  part 
of  the  world,  to  have  profecuted  fo  ufeful 
a  difcovery  in  a  larger  wayj  and  I  own  I 
have  often  wondered,  that  an  affair  of 
fuch  confequence  fhould  have  lain  dor¬ 
mant  for  fb  many  yegrs. 

However  I  was  a  few  months  fince 
pleafingly  furprifed,  to  find  in  the  hands 
of  my  very  ingenious  friend  Mr.  Peter 
Collinfon,  not  only  a  pamphlet,  but  like- 
wife  a  letter  upon  the  lubjed  addrefled  to 
the  Society  for  encouraging  of  arts  and 
manufadures,  by  one  Mr.  G.  Elliot,  who 
relates,  that,  though  previous  to  his  at¬ 
tempt 
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tempt  of  making  iron  from  this  fand,  he 
met  with  nothing  but  what  was  dis¬ 
couraging  from  the  moft  fkiliul  perfons 
to  whom  he  propofed  his  defign,  yet  that 
he  had  fuch  a  perfuafion  in  h is  own 
mind  of  the  practicability  of  the  thing, 
that  he  could  not  reft  till  he  had  made  a 
trial,  and  the  event  proved  encouraging 
much  beyond  his  expectations,  infomuch 
that  he  could  fcarcely  believe  the  trial 
had  been  fairly  made,  till  a  fecond  trial 
evinced  with  certainty,  that  eighty-three 
pounds  of  the  fand  would  produce  a  barr 
of  excellent  iron  weighing  fifty  pounds : 
a  prodigious  yield  indeed,  and  far  be¬ 
yond  what  I  have  ever  heard  of  from  the 
richeft  common  ores  that  are  any  where 
to  be  found ;  moft  of  the  ores  I  have 
ever  met  with  or  heard  of,  yield  little 
more  than  half  in  pig  metal,  and  which 

will 
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will  fuffer  a  wafle  of  near  £  part  to  make 
tolerable  good  barr  iron,  and  much  more, 
it  I  am  rightly  informed,  when  the  iron 
is  intended  for  more  valuable  purpofes, 
fuch  as  being  drawn  into  wire,  &c. 

After  I  had  feen  his  addrefs  in  his  let- 

* 

ter  to  the  Society,  and  his  pamphlet ;  by 
the  afliftance  of  my  friend  Mr.  Collinfon, 
I  fent  him  over  two  or  three  hints,  which 
I  judged  might  be  of  fome  fervice  to 
him ;  this  produced  the  favour  of  a  let-  ■ 
ter  from  him,  of  which  the  following  is 
an  exadt  copy. 
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To  Mr.  Henry  Horn. 

1  *  * 

Killing  worth.  Oft.  4,  1762. 

S  I  R, 

IUnderftand  by  Mr.  Collinfon,  that 
you  have  leen,  and  greatly  approve  of, 
the  fample  of  fand-iron  which  was  Tent; 
that  you  are  defirous  to  know  how  it  was 
made,  and  whether  it  can  be  made  in 
large  barrs.  The  little  barr  you  faw, 
was  cut  off  from  a  barr  of  52  pounds  and 
a  half,  the  firft  that  was  made  at  my 
Ton’s  work,  the  firft  that  was  ever  made 
in  America,  and  probably  the  firft  that 
was  ever  made  in  the  world,  in  that 
manner,  and  To  large  a  barr.  I  never 
heard  of  any  attempt  made  upon  the 
iron  fand,  till  that  of  yours  20  years  ago, 
of  which  Mr.  CollinTon  gave  me  an  ac¬ 
count  in  his  letter. 


As 
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As  to  the  manner  of  making  the  iron, 
it  is  wrought  or  fmelted  in  a  common 
bloomary,  in  the  fame  manner  as  other 

iron  ore  is  fmelted-,  excepting  this  dif- 

i 

terence,  this  iron  fand  is  fo  pure,  fo  clean 
walhed,  that  there  is  not  a  fufficient 
quantity  of  cinder  or  flagg  to  promote 
and  perform  the  fmelting,  therefore  we 
add  either  the  flagg  which  ifliies  from 
other  iron,  or  elfe  add  fome  bog  mine 
ore,  which  abounds  with  cinder  ;  in  this 
way  it  is  as  capable  of  being  wrought  as 
rock  ore  or  bog  mine. 

!  was  in  hopes  that  if  this  iron  fand 
could  be  wrought  at  all,  the  particles 
being  fo  very  fine,  it  would  fmelt  very 
quick-,  but  herein  I  found  myfelf  mif- 
taken,  every  particle  has  a  will  of  its 
own,  and  mull  have  its  own  particular 


fmelting 
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fmelting,  for  inftead  of  its  being  per¬ 
formed  in  lefs  time,  it  took  more  than 
common  iron  ore  ;  but,  upon  farther  ex¬ 
perience,  and  more  acquaintance  with  this 
fand,  the  workman  has  fhortened  the 
operation  from  five  hours  down  to  three : 
if  by  any  means  it  might  be  reduced  to 
the  fame  time  with  pigg  iron,  it  would 
be  a  mod  ufeful  improvement.  If  you 
can  afford  any  directions  to  haften  the 
operation,  I  fhould  be  greatly  obliged  for 
any  inftruCtions. 

There  is  fo  much  of  this  land  in  Ame¬ 
rica,  that  I  am  apt  to  think,  that  there  is 
more  iron  ore  in  this  form  of  land  than 
in  mines. 

I  have  written  an  effay  upon  the  fub- 
jeCt,  which  1  hope  Mr.  Collinfon  will  let 


you 
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you  fee,  as  I  hope  to  fee  what  you  arc 
about  to  publifh.  My  fon  has  a  iteel 
furnace,  which  was  ereCted  ieveral  years 
before  the  aCt  of  parliament  prohibiting 
them  in  the  plantations :  he  has  converted 
fome  of  the  land-iron  into  fteel,  of  which 
I  fend  you  a  fample ;  as  alfo  a  fample  of 
the  iron.  As  my  fon  had  no  inftruCiions 
for  making  fteel,  we  were  forced  to  ham¬ 
mer  out  the  fkill  by  various  trials  as  we 
could ;  fo  conclude  that  he  is  ftill  im¬ 
perfect,  and  wants  your  help  and  direc¬ 
tion  to  bring  it  to  perfection,  in  which 
art  I  underftand  that  you  are  a  perfeCt 
matter,  and  withal  kind  enough  to  offer 
your  affiftance*,  for  which  I  am  very 
thankful,  and  look  upon  it  as  an  addi¬ 
tional  favour,  if  you  will  be  pleafed  to 
indulge  me  with  the  benefit  of  your  cor- 
refpondence,  for  I  live  in  a  corner  of  the 

world 
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world  where  fuch  information  as,  I  truft, 
you  are  able  to  furnifh,  will  be  highly 
beneficial.  Previous  to  my  attempt  of 
making  iron  from  land,  I  propofed  my 
project  to  thofe  who  were  the  mod  fkil- 
ful  in  thofe  affairs,  but  met  with  nothing 
but  what  was  difcouraging  ;  yet  after  all, 
had  a  perfuafion  of  the  practicability  of  the 
thing  to  a  degree  next  to  enthufiafm,  fa 
that  I  could  not  reft  till  I  had  made  trial. 

I  am  glad  that  the  iron  has  fuch  qualities 
as  to  meet  with  your  approbation  ^  I 
knew  that  the  iron  was  good,  but  did  not 
know  that  it  was  lo  good  as  your  luperior 
knowledge  has  found  it.  I  want  to  know 
what  fuch  iron  will  fell  for  in  England, 
whether  it  will  be  worth  while  to  fend  it. 
This  black  land  is  a  trcafure  that  has 
long  lain  hidden  from  the  world,  and  is 

C  what 


what  may  render  the  colonies  more  va¬ 
luable  to  Great  Britain. 

I  am,  Sir, 

Your  moft  obliged 

w 

humble  fervant, 

Jared  Eliot. 

P.  S.  The  barrs  of  iron  which  have  hi¬ 
therto  been  made  of  land,  are  from 
fifty  to  fifty  grofs,  hope  in  time  to  have 
them  reach  to  feventy  pounds  weight 
each  •,  experience  muft  determine  that 
matter*,  we  can  do  better  than  at  the 
time  the  eiTay  was  written.  We  have 
been  vifited  with  a  long  and  fore 
drought,  have  done  nothing  for  a  long 
time  for  want  of  water. 


The  famples  which  accompanied  this 
letter,  were  two  (mail  barrs,  weighing 

only  • 
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only  a  few  ounces,  one  of  the  iron  made 
from  the  fand,  the  other  of  fteel  made 
from  the  fame  iron.  Thefe  barrs  I  have 
tried,  and  found  that  the  barr  of  fteel 
worked  extreamly  well  under  the  ham¬ 
mer,  was  very  pure  and  clean,  and  free 
from  flaws.  On  the  contrary  the  barr 
of  iron  turned  out  much  otherwife,  for, 
though  it  appeared  to  bear  the  force  of 
the  hammer,  as  well  as  the  fteel,  yet  it 
was  not  near  fo  pure,  but  broke  out  in 
flaws  and  hollows,  almoft  through  the 
whole  of  the  barr,  and  which  a  weldino- 

Cj 

heat  would  by  no  means  bring  into  pro¬ 
per  union  *,  this  however  engaged  us  to 
try  a  different  method,  which  was,  when 
the  barr  was  reduced  into  a  proper  fize 
for  the  purpofe,  to  double  it  up  three 
times,  one  part  of  the  barr  upon  the 
other,  and  to  try  if  it  would  then  bear 
welding  and  become  more  confiftent,  and 

C  2  by 
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by  this  means  we  found  the  end  per¬ 
fectly  well  anfvvered  ;  for  it  bore  the 
force  of  the  fire  and  the  hammer,  and 
became  in  a  manner  perfe£tly  found. 
This  fevere  trial  proved,  to  a  demonftra- 
tion,  that  the  iron  poflefl  all  that  agree¬ 
able  toughnefs  and  ductility,  for  which 
the  Spanifh  iron  is  fo  defervedly  famous, 
without  partaking  of  that  vile  red-fear 
quality,  for  which  the  latter  is  very  re¬ 
markable,  and  manifeftly  tends  to  prove 
the  excellency  of  this  fand-iron,  when  re- 

4  i 

duced  into  bar-iron  under  proper  care 
and  circumfpectian. 

You  will  obferve,  Sir,  from  the  letter, 
that  this  find  is  fo  pure,  and  fo  clean 
•walked,  that  their  firft  method  of  re¬ 
ducing  the  fand  to  bar-iron  proved  too 
tedious,  for  want  of  fome  of  thole  ad¬ 
ventitious  materials,  to  promote  and  per¬ 
form 
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form  the  fmelting,  and  which  always  ac¬ 
company  the  common  ore,  whether  it 
be  of  the  rock  or  bog  kind  •,  which  ma¬ 
terials,  mixing  with  the  matter,  made  ufe 
of  by  way  of  flux,  and  uniting  with  the 
afhes  of  the  fuel  employed  in  melting 
down  the  ore,  is  ufually  run  into  a  thick 
opake  glafly  fubftance,  forming,  as  it 
were,  a  covering  over  the  metal,  which, 
by  its  gravity,  naturally  finks  to  the  bot¬ 
tom  *,  this  the  workmen  call  cinder.  Now 
the  want  of  this  matter  rendering  the 
operation  too  tedious,  I  find  they  had 
recourfe  either  to  this  cinder  brought 
from  other  iron  works,  or  to  a  quantity 
of  the  bogmine,  which,  I  doubt  nor, 
would  abundantly  furnifh  matter  for 
cinder.  If  they  had  ufed  only  the  fir  ft, 
and  that  properly  chofen,  it  might  very 
probably  have  been  of  fome  fervice, 
without  doing  any  material  injury  to  the 

C  3  metal ; 
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metal ;  but  if  the  bog  mine  is  ufed, 
though  the  fervice  might  be  apparently 
more,  yet  in  all  likelihood  the  injury 
would  be  infinitely  great ;  and  lam  in¬ 
clined  to  believe  that  fomething  of  this 
kind  occafioned  the  difference  obferved 
between  the  two  barrs  above  mentioned* 
viz.  that  the  one  might  have  been  re¬ 
duced  by  the  help  of  more  pure  mate¬ 
rials,  and  the  other  by  the  afiiftance  of 
their  bogmine,  whofe  conftituent  parts 
abound  with  many  impurities,  feme  of 
which,  by  mixing  with  the  metal,  may 
have  occafioned  the  defeats  above  com¬ 
plained  of,  and  which  required  fo  fevere 
an  operation  both  of  the  fire  and  ham¬ 
mer  to  feparate  from  it.  I  am  there¬ 
fore  of  opinion,  that  as  the  profecn- 

p 

non  of  this  ufeful  difcovery  deferves  the 
greateft  encouragement,  if  the  Society 

i 

of  arts  and  manufactures  fhould  take 
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it  under  their  patronage,  the  premium 
they  may' think  proper  to  propofe  fhould 
rather  be  given  to  the  *  perfon  who 
fhall  produce  the  pureft  metal,  than 
to  him  who  fhall  produce  the  greateft 
quantity  ;  for  otherwife,  I  am  afraid,  we 
fhall  be  deprived  of  what  I  fhould  efteem 
the  moft  valuable  part  of  this  difcovery ; 
I  mean  the  obtaining  a  more  pure,  and 
better  kind  of  iron,  than  any  we  have 
hitherto  been  pofieft  of,  and  which  I 
am  certain  this  land,  under  proper  ma¬ 
nagement,  is  capable  of  producing. 

I  am,  Sir, 

With  the  greateft  refpeA*, 

Your  moft  obedient 

.  humble  fervant, 

Feb.  5,  1763. 

He  nr y  Horne. 
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OBSERVATIONS 

On  the  NATURE  of 
I  RON  and  STEEL,  ccc. 


SINCE  the  method  of  refining  Heel,. 

firft  converted  in  the  common  way 
from  bar-iron,  by  remelting  it  in  proper 
crucibles,  and  running  it  into  ingots,  lias 
been  known  and  p raft i fed  here  in  Eng¬ 
land,  where,  for  aught  I  can  learn  to  the 
contrary,  the  difeovery  was  firft  made  •, 
perfons  of  curiofity  have  appeared  more- 
than  commonly  defirous  of  being  made 
a  little  better  acquainted  with  the  nature 
of  this  ufeful  procefs.  On  which  account, 

C  6  feveral 
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feveral  very  ingenious  and  worthy  friends 
ha/e  warmly  lollicited  me  to  profecute 
a  fcheme  of  this  nature.  I  could  wifh, 
that  a  perfon  better  qualified  had  been 
pitched  upon  for  fuch  an  undertaking  • 
however  in  return  for  their  candid  opi¬ 
nion  of  my  poor,  abilities,  I  think  myfelf 
under  a  neceffity  of  complying  with  their 
requeft.  And  in  the  profecution  of  fuch 
a  defign,  I  fiiall  review,  and  make  the 
beft  ufe  I  am  able,  of  a  large  number  of 
papers,  many  of  which,  having  been 
copied  as  notes  upon  the  trial  of  a  very 
confiderable  number  of  fucceffive  experi¬ 
ments  upon  the  fnbjedt  of  iron  and  ftee! 
have  long  lain  by  me. 

From  this  collection  I  flatter  myfelf  I 
fhall  be  able  to  felect  a  number  of  hints, 
which  (though  not  arranged  perhaps 

with 
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with  fuch  accuracy  and  precifion  as  might 
be  expedted)  may  be  of  fingular  ufe  in 
an  affair  of  fo  important  a  nature, 

I  propofe  then  in  the  firft  place  to 
make  a  few  obfervations  relative  to  the 
nature  of  iron,  confidered  in  its  mineral 
ftate,  as  it  is  . lodged  in,  or  immediately 
taken  from  the  bowels  of  the  earth. 

I;  fhall  ne-xt  proceed  to  fhew  the  me¬ 
thods  which  are  commonly  made  ufe  of 
to  feparate  the  metallic  atoms  from  the 
heterogeneous  parts,  with  which  the  ore, 

when  firft  taken  from  the  mine,  always 

% 

more  or  lefs  abounds. 

I  fhall  after  this  drop  a  few  fele&ed 
hints,  on  the  neceflary  procefs  the  work¬ 
men  are  obliged  to  purfue,  in  reducing 

it 
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k  into  bar-iron  *,  which  will  always  turn 
out  a  better  or  a  worfe  fort  of  metal, 
according  as  more  or  lefs  precaution  has 
been  ufed  in  the  various  ftages  of  the. 
operation. 

We  (hall  then  be-  qualified  to  point 
out,  what  fort  of  iron  is  the  moft  proper 
for  the  purpose  of  being  converted  into 
good  fteel  ^  with  the  nature  of  the  pro-, 
cefs  by  w7hich  that  change  is  brought 
about. 

In  the  laft  place,.  I  apprehend,  it  may 
not  be  amifs  to  give  a  brief  account, 
both  hiftorical  and  phyfical,  of  the  man¬ 
ner,  as  well  as  utility,  of  reducing  the 
bar-fteei  to  a  more  compact  and  uniform 
texture,  by  remelting  it  in  a  crucible, 
and  running  it  into  ingots  ;  by  which 

means. 
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means,  if  the  operation  be  well  per¬ 
formed,  and  proper  fteel  made  ufe  of, 
the  metal  becomes  much  better  adapted 
to  the  purpol'e-  of  making  the  fined  edged 
inftruments;  as  razors,  lancets,  &c.  A 
very  modern  method  this  of  procuring 
excellent  fteel  for  the  above  purpofes ; 
fince  no  longer  ago  than  the  time  when 
that  very  accurate  writer  Mr.  Reaumur 
publifhed  his  moft  elaborate  treatife  on 
converting  bar-iron  into  fteel,  he  as  well 
as  others,  judged  it  abfolutely  impractica¬ 
ble  to  melt  bar-fteel,  without  entirely 
deftroying  its  malleability. 

% 

But  to  refume  the  fubjeCt  :  in  the 
profecution  of  which,  my  propoled  me¬ 
thod  obliges  me,  in  the  firft  place,  to 
take  fome  notice  of  iron  as  a  mineral. 


Many 


[  40  J 

Many  and  various  are  the  accounts  of 
this  matter  to  be  met  with  in  our  Englifh 
authors ;  but  moft  of  thofe  accounts* 
which  have  fallen  under  my  obfervation, 
are  delivered  in  terms  of  darknefs  and 
obfcurity,;  indeed  very  fhort  hints  only, 
with  regard  to  iron  as  a  mineral,  are  here 
and  there  to  be  picked  up, ,  with  little 
or  no  connexion.  Mr.  Chambers,  in  his 
Dictionary  of  Arts  and  Sciences,  fays : 

Iron  confifts  of  an  earth,  fait,  and 
“  fulphur;  but  all  impure,  ill  mixed  and 
“  digefted,  which  renders  it  extreamly 
“  liable  to  rult.”  He  then  proceeds  to 
give  fome  very  imperfeCt  hints,  moft  of 
them  trifling,  picked  up,  I  imagine,  from 
various  unfkilful  workmen,  who  are  in 
general  wonderfully  fond  of  noftrums  ; 

but  thefe,  it  is  my  opinion,  do  not  merit 
any  notice. 

He. 
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He  next  proceeds  to  lay  before  his 
readers  an  impeded  account  of  feveral 
kinds  of  iron,  as  he  calls  them-,  but 
without  any  real  foundation  in  nature, 
only  as  they  happen  to  come  from  dif¬ 
ferent  parts  of  Europe  ;  from  which  cir- 
cumltance  he  not  only  prelumes  to  fix 
their  names,  but,  very  unjuftly,  to  eftab- 
lifh  their  different  characters ;  as  fancy, 
or  mifinformation,  gave  him  the  bias. 


This  matter  I  fiiould  have  patted  ove? 
in  filence,  if  I  had  not  been  in  fome 
meafure  anxious  to  preferve  ingenious 
and  inquifitive  perlbns  from  being  im* 
poled  on,  for  want  of  better  informatiort. 
Indeed  as  I  proceed,  I  apprehend  I  may 
be  obliged  to  recoiled  and  examine  fome 
of  Mr.  Chambers’s  hints  on  this  iubj'cd, 
in  order  to  remove  fome  miftakes,  which 

may 
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may  be  judged  nece/Tary  to  be  re¬ 
moved. 

From  the  General  Bidionary  of  Arts 
and  Sciences,  publifhed  about  twenty 
yeais  fince  by  Mr.  Barrow,  a  few  parti¬ 
culars  more  may  be  colleded.  This  au¬ 
thor  obferves,  that  “  true  native  iron  is 
“  not  to  be  expeded  in  the  mid  ft  of 
manes  of  its  ore,  but  in  detached  fprigs 
or  filaments,  in  the  failures  of  rocks, 
the  whole  fubftance  of  which  is  rich 
“  in  that  metal :  fuch  have  been  all  the 
“  genuine  fpecimens  of  this  rich  foflll, 
“  and  fuch  their  place  of  formation.”’ 
He  goes  on  :  “  The  ores  of  iron  gene- 
“  naliy  difcover  themfelves  to  be  rich,. 
14  either  by  their  refemblance  to. wrought 
iron  in  ftrufture  and  look.,  or  by  the- 
yeliowifh  or  purplifli  tinge  they  are 

u  coloured 
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“  coloured  with.  Thofe  which  have 
4<  moft  of  all  the  appearance  of  the  metal 
“  they  contain,  are  ufually  the  richefl. 
More  hints  follow  •  under  the  fame  ar¬ 
ticle,  which  the  reader  may  confult  at  his 
leifure. 

But  the  ’moft  accurate  account  I  have 

% 

met  with  upon  this  lubjcCt,  taken  from 
faff  and  experience,  is  in  a  treatife  upon 
mining,  written  at  the  requtft  of  the  late 
Duke  of  Chandois,  by  one*,  who,  tho’ 
the  learned  differ  as  to  the  principles  of 
his  philofophy,  was  allowed  on  all  hands 
to  underftand  the  bufinefs  of  mining  as 
well  as,  if  not  better  than,  any  man  in 
England.  “  Iron,”  (fays  he),  “  is  found 
“  in  thin  ftrata  of  (tone,  in  nodules 

*  The  late  John  Hutchinfon,  Efq;  in  the  12th 
vol.  of  his  works,  p.  187,  188. 

“  lodged;. 
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“  lodged  fome  in,  fome  between  the 

“  firata’  in  vcins>  formed  in  ribs  and 
fhoots,  in  bellies,  Tome  in  form  of 

“  ore,  fome  like  clay,  and  fome  by  its 
capacity  attra&ed  into  the  moll  regu¬ 
lar  and  beautiful  figures,  formed,  inde¬ 
pendent,  round  from  a  center,  firiated, 
and  compofed  of  infinitely  fmail  fpheres, 
divided  into  fmail  cones,  fome  of  them 
“  having  attra&ed  new  mafies,  and 
foi  med  new  centers  and  arches  over 
them  in  like  order ;  it  is  feldom  found 
“  native;  I  have  found  it  very  pure,  but 
“  never  malleable,  or  flexible,  nor  can 
fnfion  in  fire  ever  make  it  fo,  I  think*, 

“  becaufe 

*  This  ingenious  writer  happens  in  this  remark 
to  be  a  little  miftaken;  for  though  it  is  true,  that 
iion  is  not  to  be  found  malleable  in  its  mineral 
{bate  ;  as  the  vail:  quantity  of  foreign  matter,  which 
frequently  amounts  to  one  half  of.  the  compound. 
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««  becaufe  it  is  attradled  into  mafles ;  it 
cc  is  generally  found  red,  or  of  a  ruft 

o 

“  colour  in  feme  places  it  is  found 
“  black,  grey,  white,  Sec.  It  is  generally 
“  very  heavy,  and  fome  of  it  very  hard.” 
Thus  far  this  ingenious  writer. 


Poflibly  it  may  be  imagined,  that 
enough  has  been  laid  upon  the  nature  of 


keeps  the  metallic  atoms  fo  far  afunder  as  to 
render  it  impoffible  to  determine,  whether,  could 
they  be  brought  into  contadl  without  fufion,  they 
would  be  malleable  or  not ;  yet,  that  fufion  can¬ 
not  render  it  malleable,  becaufe  it  is  attracted 
into  mattes,  when  run  down  in  the  large  furnace, 
does  not  prove  it  abfolutely  impoffible  to  reduce  it 
by  fufion  into  fuch  a  form  as  to  infure  its  mallea¬ 
bility.  I  have  myfelf  more  than  once,  in  fmall 
quantities,  run  it  down  in  fuch  a  manner,  that  in- 
fle.ad  of  being  attracted  (as  this  writer  obferves) 
into  mafTes,  it  has  affumed  a  fine  grainy  ap¬ 
pearance  ;  a  certain  fymptom  of  malleability  :  but 
then  it  has  always  turned  out,  not  malleable  iron, 
but  excellent  ftcel. 


this 
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this  metal,  confidered  in  its  mineral  date; 
and  that  we  fhould  now  proceed  to  give 
Tome  account  of  the  means  necefiary  to 
free  the  metallic  atoms  from  the  incum¬ 
bering  heterogeneous  matters,  with  which, 
as  taken  out  of  the  earth,  they  are  fo  very 
ftubbornly  connected.  But  before  1  go 
on  to  that  part  of  my  fubjeCt,  I  think  it 
highly  requifite  to  remove  a  difficulty, 
which  mod  of  our  Engliffi  writers  upon 
iron  have  left  as  an  obdacle  in  our 
way. 

l  took  notice  in  page  41,  that  Mr. 
Chambers,  in  his  Dictionary,  hath  very 
arbitrarily  affigned  names  and  characters 
to  different  forts  of  iron,  according  to 

O 

the  different  countries  where  they  are 
produced  •,  this  he  lias  done  in  fuch  a 
manner,  (though  without  any  real  judge¬ 
ment), 
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ment),  as  to  give  the  world  a  very  high 
opinion  of  the  iron  of  one  country,  to 
the  great  difparagement  of  that  produced 
in  another, 

“  There  are  (fays  he)  feveral  kinds  of 
iron,  which  have  properties  very  dif- 
44  ferent  from  one  another.  As  Englifh 

44  iron,  which  is  coarfe,  hard,  and  brittle, 

% 

44  fit  for  fire-bars,  and  fuch  ufes.  Swedifh 
44  iron,  which  is  a  fine,  tough  fort,  will 
44  belt  endure  the  hammer,  is  lofteft  to 
44  file,  and  in  all  refpedts  the  bed  to  work 
44  upon.  Spanifh  iron,  which  would  be  as 
44  good  as  the  Swedifh,  were  it  not  fub- 
44  jed  to  be  red-fear.  German  iron,  com- 
44  monly  called  among  us  Dort  Square  ; 
44  this  is  a  coarfe  fort  of  iron,  and  is 
44  only  fit  for  ordinary  ufcs.”  But  here 
4  comes 
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comes  the  cream  of  the  jeft,  (if  I  may  be 

indulged  the  exprefiion,)  in  the  following 

miftake  in  fa<5t,  and  contradiction  to  what 

he  had  before  faid.  “  There  is,”  fays 

# 

he,  another  fort  uied  for  making  wire. 
“  which  is  the  Toftefh  and  toughed  of  all: 
“  This  is  not  peculiar  to  any  country ; 
“  but  is  indifferently  made,  wherever 
C£  iron  is  made,  though  of  the  word  fort; 
“  for  it  is  the  firft  iron  that  runs  from 
£<  the  mine-ftone,  when  it  is  meltin'*, 
cc  and  is  referved  purely  for  this  purpofe 
c<  of  making  wire.  *  ” 

From  fuch  miflaken  notions  of  the 

fuperior  value  of  the  iron  of  one  country 

*  _  » 

*  Iron  wire  is,  and  certainly  mud  be,  drawn 
from  good  metal,  that  is  from  iron  thoroughly 
cleanfcd  and  well  purged;  but  it  makes  no  dif¬ 
ference,  as  far  a3  I  can  find,  whether  it  be  from 
the  firft,  fecond,  or  iaft  running.- 


to 
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to  that  of  another,  it  has  anien,  that  the 
Swedifh  iron  has  had  the  preference 
criven  it  for  making  of  fteel ;  and  while 

D  O 

we  have  fhewn  a  fondnefs  for  particular 
forts  of  it,  at  almoft  any  price,  we  have 
neglected  to  improve  the  materials  to  be 
found  both  in  our  own  country,  and  in 
our  colonies.  In  my  examination  before 
the  Houfe  of  Commons,  while  the  Ame¬ 
rican  iron  bill  was  depending,  I  afferted 
that  this  undue  preference  of  Swedifh  to 
other  iron,  was  a  mere  vulgar  error  j  I 
repeated  it  upon  oath  before  the  Houfe  of 
Lords ;  and  I  now  an;ain  declare  it  to  be 
an  abfolute  fact,  that  the  iron  of  any 
country,  if  properly  prepared,  is  equal  to 
the  Swedifh  for  being  drawn  into  wire, 
or  making  fteel  *,  for  I  have  made  from 
our  Englifh  iron,  fteel  not  at  all  inferior, 
if  not  fuperior,  to  any  that  was  ever 

D  made 


made  from  the  bell  Swedifh  ;  and  certain 
cutlers  have  chearfully  given  me  for  it 
four  times  the  price  at  which  they  could 
have  purchafed  the  bell  blifiered  fteel, 
made  from  Swedifh  iron  :  A  fmall  quan¬ 
tity  of  this  fteel  I  have  ftill  by  me. 

Thus  it  appears,  that  the  iron  of  all 
countries  indifferently  is  fit  for  the  mak¬ 
ing  both  of  fteel,  and  of  wire*,  not  for  the 
reafon  Mr.  Chambers  affigns  in  this  lat¬ 
ter  cafe,  namely,  becaufe  it  is  the  firft 
running  from  the  iron-mine ;  but  becaufe 
it  is  refined  to  a  higher  degree,  than  is 
neceffary  for  common  and  ordinary  pur- 
pofes  •,  and  when  once  iron  is  fufficiently 
purged  to  be  drawn  into  wire,  or  formed 
into  tin-plates,  it  then  becomes  extreamly 
well  adapted  to  be  converted  into  fteel. 
The  importance  of  this  digreilion  will,  I 
r  hope, 


hope,  be  judged  a  fufficient  apology  for 
its  length. 

o 


I  am  now  to  fliew  the  methods  com¬ 
monly  made  ufe  of  to  feparate  the  metal¬ 
lic  atoms  from  the  foreign  matter,  with 
which  they  are  united  in  their  mineral 
Rate. 

I  have  obferved  before,  p.  40,  that 
Mr.  Chambers  in  his  Di&ionary,  takes 
notice  that  iron  in  its  mineral  date  con- 
fids  only  of  an  earth,  fait,  and  fulphur 
impurely  mixed. 

The  very  ingenious  Mr.  Reaumur,  in 
the  beginning  of  his  treatife  upon  the  art 
of  converting  bar-iron  into  fteel,  gives  a 
much  more  accurate  account  of  this  mat¬ 
ter  ;  where  he  informs  his  readers,  that 
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the  ores  of  iron  are  compofed  of  ferrugi¬ 
nous  parts,  earthy  parts,  fulphureous  and 
faline  parts.  A  more  accurate  account, 
I  think,  cannot  be  given  of  the  compo¬ 
nent  parts  of  iron  in  its  mineral  ftate. 
“  Art,”  he  obferves,  “  has  found  out 
“  the  means  to  feparate  the  metallic  or 
“  ferruginous  parts  from  the  foreign 
“  ones,  with  which  they  are  mixed,  and 
“  to  reunite  and  form  them  into  mafi'es, 
“  which  render  them  proper  for  different 
“  purpofes ;  to  arrive  at  which,”  fays  he, 
“  fufion  is  the  firft  means  to  be  ufed.” 
But  he  Ihould  have  remarked,  that  pre¬ 
vious  to  fufion  it  is  abfolutely  neceflary 
to  roaH  the  ore.  Dr.  Harris,  in  his  Lexi¬ 
con  Technicum,  has  given  under  the  ar¬ 
ticle  of  Iron,  tranfcribed  from  the  Philo- 
fophical  Tranfadions,  No.  137,  or  from 
the  end  of  a  little  treadle,  entitled, 

Mr. 
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Mr.  Ray’s  Collection  of  old  Englilh 
Words,  the  precife  method,  how  this 
operation  is  performed  at  the  iron  works 
in  the  foreft  of  Dean  in  Gloucefterfhire. 
This  is  done,  he  obferves,  without  fufion 
of  the  metal,  and  ferves  to  confume  the 
droffy  part  of  the  ore,  and  to  make  it 
friable.  The  Dodtor  here  gives  a  very 
exadt  account  of  the  operation  -,  but  does 
not,  I  apprehend,  completely  affign  the 
reafon,  which  renders  it  fo  ablolutely  ne- 
cefiary  which  is,  not  only  to  make  the 
ore  friable,  but  alfo  to  fet  at  liberty,  and 
carry  off  a  fufficient  quantity  of  that  ftub- 
born,  binding  fulphur,  which  is  original¬ 
ly  inherent  in  the  ore-,  and  thereby  render 
it  more  difpofed  to  give  up  with  greater 
freedom,  and  conlequently  in  greater 
abundance,  its  more  valuable  contents. 
Without  this  operation  being  made  pre- 

D  3  vious 
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vious  to  the  fufion,  I  am  ftrongly  in¬ 
clined  to  believe,  from  fa6ts  I  have  fre¬ 
quently  obferved,  that  the  whole  com¬ 
pound  would,  by  the  violence  of  the  fire, 
run  down  together  into  one  vitrified  mafs, 
from  which  .the  metallic  parts  could 
fcarcely  ever,  if  at  all,  be  fcparated  ;  at 
leaft,  not  without  fo  much  labour  and  ex¬ 
pence  as  would  render  it  hardly  worth 
while  to  attempt  it.  The  Dofcor  then 
goes  on  to  give  a  very  particular  account 
of  the  fmelting  furnace,  I  prefume,  taken 
from  the  fame  Tranfadtion :  to  which 
I  refer  the  reader,  to  confuit  it  at  his 
leifure. 


I  have  vifited  feveral  of  thefe  fmelting 
furnaces  in  different  parts  of  the  king¬ 
dom,  particularly  in  Staffordshire,  York¬ 
shire,  and  Sulfex.  The  forms  of  all  I 

have 
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have  feen  have  been  pretty  much  alike, 
and  their  methods  of  working  nearly  the 
fame.  Notwithftanding  which,  I  have 
met  with  very  different  forts  of  iron  at 
different  places.  This,  I  allow,  might 
in  forne  meafure  be  owing  to  their  work¬ 
ing  upon  different  forts  of  ore  -,  but  upon 
the  moft  fcrupulous  obfervation  I  could 
make,  I  cannot  be  of  opinion,  for  feveral 
reafons,  that  this  could  be  always  the 
cafe-,  for  I  frequently  obferved,  almoft  at 
every  furnace  where  I  have  been,  that 
they  worked  upon  ore  fo  fimilar  in  every 
refpedt  to  that  I  met  with' at  other  fur¬ 
naces,  (and  I  made  the  niceft  obfervation 
and  the  molt  particular  enquiry  I  could), 
that  I  began  *  ftrongly  to  fufpedt  fome 
latent  caufe,  not  obvious  to  general  notice, 

muft  he  at  the  bottom  of  this  rnyfhcrious 
affair. 
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This  confederation  naturally  led  me  to 
enquire  what  fort  of  flux  was  made  ufe 
of  at  different  furnaces,  and  whether  the 
difference  of  the  iron  produced  might 
not,  in  great  meafure,  be  ov/ing  to  the 
application  of  different  fluxes.  I  was 
pretty  foon  convinced  that  my  fufpicion 
was  very  far  from  being  groundlefs.  In 
Staffordfhire,  and  fome  parts  of  Yorkfhire* 
I  found  that  their  iron  was  in  fome  places' 
extreamly  bad,  and  in  others  but  very’ 
indifferent;  whereas  at  feveral  of  the  fur¬ 
naces  in  Suffex,  I  was  well  affured,  their 
iron  turned  out  much  fuperior  in  quality 
to  what  was  to  be  met  with  in  the  before 
mentioned  counties.  Upon  farther  en¬ 
quiry,  I  became  fully  latisfied,  that  the 
different  materials  uled  as  a  flux,  had  no 
final!  (hare  in  the  difference  of  the  iron 
produced  in  thefe  different  parts  of  the 
kingdom. 


I  fhall 


■ 
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I  fhall  venture  to  give  the  reafons 
of  my  opinion  upon  this  interefting  part 
of  my  fubjeft. 

In  Staffordfhire,  and  various  parts  of 
Yorkfhire,  I  found  the  matter  made  ufe 
of  by  way  of  flux,  was  generally  unburnt 
lime-ftone  *,  a  fubftance  I  can  by  no  means 
think  proper  for  the  purpofe.  Iron,  it 
is  well  known,  is  one  ot  the  mod  power¬ 
ful  abforbers  of  impure  acid  fulphur  in 
nature  •,  this  is  fufHciently  manifeft  from 
its  being  made  ufe  of  as  a  flux  for  the 
trying  of  famples  of  lead-ore,  as  well  as 
for  the  precipitating  the  martial  regulus 
of  antimony.  In  thefe  cafes,  it  makes  a 
very  ftrong,  uftful  and  purifying  flux ; 
as  it  very  eagerly  imbibes  the  impure 
fulphur,  ever  to  be  met  with  in  the  lead’ 

ore  and  antimony  in  great  abundance, 
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icon  becoming  intimately  united,  and 
riling  with  it  to  the  furface,  where  it 
forms  a  very  impure  fcoria;  while  at  the 
fame  time,  in  one  cafe,  it  leaves  the  lead 
pure  at  the  bottom  of  the  crucible ;  and 
in  the  other,  a  pure  martial  regulus  of 
antimony. 

Were  we  to  take  it  for  granted, 
that  the  lime-ftone,  ufed  as  a  flux  for 
reducing  and  coiieding  the  metallic 
atoms  with  which  the  iron-ftone  abound, 
acted  in  the  fame  manner  as  in  the  cafes 
above  mentioned,  it  might  perhaps  be 
fafely  made  ufe  of.  But  I  am  well  fads- 
fled,  by  a  great  number  of  experiments 
which  I  have  made  with  the  utmoft  cau¬ 
tion  and  precifion,  that  it  ads  in  a  man¬ 
ner  diredly  oppofite  *,  for  here  the  earthy 
part  only  of  the  lime-ftone  mixes  with 


the  earthy  and  faline  parts  of  the  char¬ 
coal,  employed  in  the  operation  *,  which 
being  much  lighter  than  the  metalline 
parts  of  the  ftone,  riles  and  fwims  upon 
the  furface  of  the  metal,  where  it  forms 
an  inert,  inoffenfive,  glaffy  fubftance ; 
while  the  noxious,  poifonous  matter,  con¬ 
tained  in  the  lime-ftone,  being  ftrongly 
attracted  by  the  iron,  unites  and  finks 
with  it  to  the  bottom,  and  there  forms  a 
rotten,  red-fear,  bad  iron 

This 

*  In  a  fmall  pamphlet  upon  fpar,  lately  pub- 
lifhed  by  the  ingenious  Dr.  Hill,  he  gives  an  ac¬ 
count  of  the  generation  of  a  fluid  fulphur  in  lime- 
rocks,  in  the  following  manner  : 

“  The  primitives  of  fpar,  as  wehavefcen,  arc, 
water,  bitumen,  chalk,  clay,  talc  and  mineral 
acid:  to  thefe  the  operations  of  the  air,  and  fire, 
give  great  powers  of  acting.  We  thus  find  heavy 
vapours,  formed  of  air,  and  much  water.  Thefe 
pervading  all  things,  meet  the  mineral  acid,  and 
uniting  with  it ;  if  they  run  clear  to  the  fur! ace, 
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1  his  I  may  have  occafion  to  mention 
again,  by  way  of  proof,  as  I  proceed. 

I  fhall  now  with  freedom  give  my 
opinion  of  different  fubftances,  applied 
as  fluxes  for  reducing  iron-ore,  at  other 
places  *,  and  of  the  propriety  with  which 
they  are  ufed  for  that  purpofe. 

In  an  iron  work,  at  a  place  called 
Roberts-bridge,  near  Winchelfea,  and  in 


afford  medicinal  fprings ;  but  thus  united,  they 
may  fall  upon  bitumen.  This  is  no  where  more 
frequent  than  in  lime-Aone  rocks  ;  and  often 
^flands  in  puddles,  in  their  natural  hollows.  By 
tiits  mixture,  uniting  in  its  courfe,  is  formed  a  real, 
though  a  fluid  fulphur  :  for  fulphur  is  nothing  elfe, 
nor  can  it  be  formed  by  any  other  means.  This 
, fulphur,  not  yet  concreted,  pafles  in  its  liquid 
form,  through  the  pores  of  the  lime-flone ;  dif- 
,folving  part  of  its  purer  chalk  as  it  goes.” 

If  Dr.  Hill  be  right,  as  I  apprehend  he  is,  in 
the  preceding  obfervations,  what  I  have  faid  above, 
mufl  appear  to  be  the  true  Hate  of  the  cafe. 

another 
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another  within  a  few  miles  of  Tunbridge- 
wells,  both  in  Suffex *,  they  make  ufe 
of  a  certain  foflil,  to  which  they  give  the 
name  of  Greys.  Why  this  foflil  is  fo 
called,  I  muft  leave  others  to  determine. 
The  materials,  of  which  it  is  compofed, 
are  a  congeries  of  different  fhells  of  fifties, 
flightly  bound  together  by  a  fort  of  red- 
difh  earth,  not  very  unlike  fome  kinds  of 
iron-ore.  Laro;e  ftrata  of  this  foflil  are 
lodged  in  the  earth,  not  far  diftant  from 
thefe  two  iron  works.  And  it  is  very 
fafely,  and  to  great  advantage,  made  ufe 
of  as  a  kindly  abforbent  flux  j  which  be¬ 
ing  run  down  with  the  ore,  inflead  of 
adminiftering  any  bad  quality  to  the 
metal,  deprives  it,  in  a  great  meafure, 
of  that  noxious,  arfenical  fulphur,  which 
too  often  abounds  in  its  compofition. 
And  it  may  be  proper  to  obferve,  that 
5  the 


.  ■  "  .  /'  ■ 


r  62  ] 

taC  u  011  pioduced  at  thefe  two  different 
works,  is  always  a  fine,  genuine,  good  * 
foi  t  of  metal ;  poflefled  of  almoft  every 
good  quality,  that  can  be  defired. 

I  fiiall  mention  but  one  fort  of  iron 
more,  with  regard  to  fluxes  ;  namely,  that 
which  is  wrought  at  the  foreft  of  Dean. 
This  iron,  I  believe,  has  been  celebrated 
by  almoft  every  writer  upon  the  fubjedt, 
of  any  confideration.  I  beg  leave  juft 
to  recite  their  feveral  opinions ;  and  to 
tranferibe  an  entire'  paragraph  from  the 
ingenious  Dr.  Harris,  in  his  Lexicon 
Technicum  ;  a  work,  in  my  humble  opi¬ 
nion,  not  excelled,  by  any  of  his  fol¬ 
lowers  in  that  way  of  writing,  unlefs  by 
the  mere  addition  of  a  number  of  articles, 
which,  at  the  time  when  he  wrote,  had 
not  been  fo  particularly  confidered. 

“  iRONi 
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a  Iron.  In  the  foreft  of  Dean,  in 
Gloucefterfhire,  the  bed  iron-ore  is  of 
a  bluifh  colour,  and  is  called  Brufh- 
ore ;  but  this  being  melted  alone,  pro¬ 
duces  a  metal  very  flaort  and  brittle  : 
to  jemedy  which  inconvenience,  they 
make  ufe  of  cinder,  which  is  found  in 
great  quantity  where  any  old  works 
have  been  in  that  country  :  for  in 
former  times,  their  bellows  being  moved 
only  by  hand,  their  furnaces  produced 
a  fire  much  lefs  intcnle  than  thole  they 
now  employ  :  fo*  that  formerly  they 
melted  down  only  the  principal  part 
of  the  ore,  rejecting  the  reft  as  ufelefs. 
This  refufe  is  the  cinder-,  which  being 
mingled  with  the  ore  in  a  due  quan¬ 
tity,  gives  that  excellent  temper  of 
touprhnefs,  for  which  this  iron  is 
preferred  before  any  brought  from 
abroad.’’ 

Mr. 
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Mr.  Chambers,  before  taken  notice  of, 
and,  I  would  hope,  not  unjuftiy  cenlured, 
in  his  Cyclopaedia,  expreffes  himfelf 
thus : 

“  We  have  a  great  number  of  iron 
“  works  in  moll  parts  of  England  ;  thofe 
“  in  the  foreft  of  Dean  are  in  moft  re- 
*'  pute.  The  ore  is  found  there  in  great 
“  abundance,  differing  much  in  colour, 
“  weight  and  goodnefs.'  The  beft,  called 
“  Brufh-ore,  is  of  a  bluifh  colour,  very 
“  ponderous,  and  full  of  little  fhining 
“  fpecks,  like  grains  of  lilver  ;  this  af- 
“  fords  the  greateft  quantity  of  iron, 
“  but  being  melted  alone,  produces  a 
“  metal  very  fhort  and  brittle,  and  there- 
“  fore  not  fo  fit  for  common  ufe.  For 
“  remedying  whereof,  the  workmen  make 
“  ufe  of  another  fort  of  material,  termed 

‘l  cinder* 
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cinder,  which  is  nothing  but  the  re- 
“  fufe  of  the  ore,  after  the  metal  has 
44  been  extracted  j  and  which  being 
u  mingled  with  the  other,  &c.  caufes  it 
44  to  be  preferred  to  any  brought  from 
44  foreign  parts.5* 

This  cinder  may  be  confidered  in  a 
twofold  capacity  *  for,  as  Dr.  Harris  ob- 
ferves,  the  Danes  making  ufe  only  of 
hand-bellows,  which  producing,  as  he  re¬ 
marks,  a  much  lefs  intenfe  fire,  than  is 
raifed  by  the  bellows  now  made  ufe  of  $ 
a  confiderable  quantity  of  the  metal  mull 
be  left  in  the  cinder,  which  being  again 
run  down  with  frefh  ore,  mud  of  courfe 
be  given  up  *,  while  the  other  part  of  the 
cinder,  may  probably  yield  a  very  falu- 
tary  and  ufeful  flux  *,  for  we  hear  of  no 

other  flux  being  there  made  ufe  of. 

Barrow, 
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Barrow,  in  his  Univerfa!  Dictionary, 
takes  but  very  little  notice  of  this  ex¬ 
cellent  tnglifh  iron,  comparing  it  only 
with  lotue  iron-ore,  found  in  Hartz ‘foreft, 
in  Geimany  ;  which  he  lays,  is  the  richeft 
ii on-ore  he  knows  of,  except  fomeof  the 
Haematites ;  but  adds,  that  we  have  fonie 
y  ^  k.e  it  in  the  foreft  of  Dean,  which 
is  at  prefent  worked  to  great  advantage. 

Ti.c,  very  ingenious  and  inquifitive 
Dr.  Shaw,  in  his  notes  upon  Boerhaave^s 
Chemiftry,  p.  p  p,  ieems  to  have  copied 
from  Dr.  Harris,  or  rather,  perhaps,  from 
the  Philofophical  Tranfa&ions,  No.  137, 
from  whence,  as  before  obferved,  Dr.  Har¬ 
ris  too*  his  hints  .*  and  he  alio  allows, 
that  the  foreft  or  Dean  iron  is  preferable 
to  any  ether. 


I  have 
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I  have  dwelt  the  longer  upon  this  ar¬ 
ticle  of  fluxes,  as  I  think  it  a  matter  of 
the  laft  importance  ;  fince  this  being  well 
underftood,  I  am  fully  of  opinion,  that 
we  have  not  the  lead  occafion  to  be  follici- 
tous,  with  regard  to  any  iron  imported 
from  abroad,  unlcfs  from  our  own  colo¬ 
nies;  as  from  thence,  or  from  our  own 
ore  here  at  home,  we  may  be  furnifhed 
with  any  fort  of  iron  we  can  poflibly 
want. 

It  fully  appears  from  the  almofl  univer- 
fal  fuffrage  of  our  Englifh  writers,  that 
from  the  foreft  of  Dean  we  may  be  fup- 
plied  with  iron,  fome  fay  as  good,  others 
better  than  any  that  comes  from  abroad. 

But  poflibly  it  may  be  objected, — 
“  Taking  this  for  granted,  what  light 

have 
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iiave  vve  from  thence,  relative  to  the 
dodtrine  of  fluxes,  (a  fubjedt  you  have 
fo  long  dwelt  upon),  when  it  does  not 
appear,  that  among  all  that  you  have 
collected  concerning  the  foreft  of  Dean 
iron,  the  word  flux  is  fo  much  as  once 
mentioned*?”  It  is  very  true,  the  word 
is  not  mentioned  in  the  printed  accounts 
I  have  cited  concerning  this  fuperexcel- 
lent  iron.  But  we  are  very  amply  in¬ 
fo!  med,  that  the  brufh-ore  of  the  place 
is  not  inferior  to  the  ore  of  any  country 
in  the  world ;  that  this,  melted  alone, 
%vould  turn  out  very  fhort  and  brittle ; 
but  being  mixed  with  the  old  cinder  in 
a  due  proportion,  it  furnifhes  us  with 
better  bar-iron,  than  any  that  comes  from 
abroad. 

*  In  a  paragraph  added  p.  6c,  fince  I  wrote  this 
part,  the  word  is  mentioned,  and,  I  apprehend, 
with  propriety. 


In 
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In  every  account  we  meet  with  of  this 
famous  bruflvore  in  the  foreft  of  Dean, 
not  a  (ingle  hint  ever  occurs,  of  the  ufe 
of  any  other  flux  than  the  cinder ;  and  I 
will  venture  to  affirm,  as  I  know  it,  from 
my  own  experience,  to  be  true,  that  let 
a  fufficient  quantity  of  this  cinder  be 
tranfported  to  the  iron-works  in  any  other 
part  of  the  kingdom,  and  made  ufe  of 
inftead  of  the  lime-done*  the  iron  pro¬ 
duced  will  be  nearly,  if  not  equally,  as 
good  as  that  of  the  foreft  of  Dean. 

If  the  doftrine  of  fluxes  be  not  im¬ 
plied  in  this  narrative,  I  know  not  where 
to  find  it ;  and  if  our  iron-mafters,  as 
they  are  called,  are  not  capable  of  draw¬ 
ing  proper  inferences  from  fo  plain  an 
account,  I  am  very  certain  it  muft  be 
their  fault,  not  mine. 


I  fliould 


[  7°  ] 

I  fhould  now,  in  courle,  give  a  few 
hints  relative  to  the  methods  employed 
at  the  forges  *,  for  reducing  the  fow,  or 
pig-metal,  there  melted  down,  into  bar- 
iron ;  but  I  mu  ft  fir  ft  mention  one  in- 
terefting  particular,  namely,  the  abfolute 
neceffity  there  is,  in  order  to  make  good 
bar-iron,  that  the  flux  ufed  in  the  furnace, 
be  of  fuch  a  nature  and  confiftence,  as  to 
render  it  apt  and  proper  to  take  up  as 
much  as  pofiible  of  the  common  earth, 
which  greatly  abounds  in  the  mine-ftone, 
when  firft  committed  to  the  furnace.  If 
this  be  left  to  be  done  at  the  forge,  called 
the  Finery,  it  muft  either  occafion  a  great 

*  riiefe  forges  are  two,  which  are  denominated 
t:ie  hinery,  and  the  C'hafery.  They  are  defcribed 
by  Dr.  Harris  in  his  Lexicon  Technicum,  and  in 
the  Philofophical  Tranfa&ion  before  referred  to. 
No.  137. 


wafte 
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wafte  of  metal,  or  the  bar-iron  will  turn 
out  very  bad  and  rotten. 

Having  premifed  this,  I  fhall  endeavour 
to  give  fome  account  of  the  methods  ufed 
at  the  forge,  called  the  Finery. 

This  forge  is  very  properly  io  named, 
becaufe  here  the  fow,  or  pig-metal,  is  to 
be  freed  as  much  as  poffible  from  thofe 
extraneous  matters,  which  in  part  con- 
ftitute  the  ore  when  committed  to  the 
fmelting  furnace;  and  alio  from  an  undue 
proportion  of  fuch  matter  as  it  may  ac¬ 
quire  in  its  pafiage  through  the  fmelting 
furnace,  either  from  the  flux,  or  the  fuel 
made  ufe  of  there. 

The  operations  at  this  forge  are  well 
defcribed  in  the  before  quoted  Dr.  Harris, 

under 
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under  the  article  of  Iron,  or  in  the  Phi- 
lofophical  Tranfa&ions,  No.  137;  to  ei¬ 
ther,  or  both  of  which  I  again  refer  the 
reader  for  his  information ;  confining  my- 
felf  merely  to  point  out  the  confequence 
of  fuch  operations,  they  having  a  ten¬ 
dency  to  furnifh  us  with  a  better  or  worfe 
fort  of  iron,  as  they  are  differently  ma¬ 
naged. 

As  this  forge  then,  called  the  Finery, 
furnifhes  us  with  very  different  kinds  of 
iron ;  owing  either  to  the  different  forts 
of  ore  made  ufe  of,  to  the  different  man¬ 
ner  of  fluxing  the  ore,  or  to  the  dif¬ 
ference  in  the  care  and  caution  of  the 
workmen  at  the  Finery ;  it  may  not  be 
amifs  to  take  notice  of  the  different  forts 
of  bar-iron,  to  be  met  with  in  the  com¬ 
mon  markets  for  this  commodity,  and 

the  ' 
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the  feveral  denominations  under  which 
the  workmen  have  ranged  them. 

In  general  then,  thefe  different  forts 
of  bar-iron’  bear  the  following  different 
names,  as  defcriptive  of  their  different 
charadters,  viz.  Red-fear,  Cold-lear,  and 
Tough. 

Red-fear  is  of  fuch  a  quality,  as  to 
yield,  in  a  certain  degree,  to  the  hammer 
when  it  is  cold  *,  but  is  apt  to  fly  to 
pieces  under  its  impreffions  at  a  low-red 

heat,  and  becomes  brittle,  when  between 
hot  and  cold. 


Cold-fear  is  of  fuch  a  nature,  as  to  be 
very  brittle  when  it  is  cold  ;  but  it  eafily 
bears  the  ftrokes  of  the  hammer  when  it 
is  hot,  almoll  at  any  degree  of  heat. 
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^ough  is  of  fuch  a  nature,  as  to  be 
very  flexible  when  cold,  and  capable  of 
fuftaining  pretty  harfh  treatment  from  the 
hammer,  either  hot  or  cold. 

But  among  thefe  different  kinds  of 
bar-iron,  are  to  be  found  different  fpecies 
of  each  fort :  fome  partaking  more  or  lefs 
of  the  red-fear  quality,  fome  more  or  lefs 
of  the  cold-fear,  and  fome  more  or  lefs 
of  the  touph  than  others. 


As  the  difference  of  thefe  kinds  of 
bar-iron  muff  arife  from  different  caufes, 
it  may  not,  I  apprehend,  be  amifs  to 
fpend  fome  little  time  upon  an  enquiry 
into  thefe  caufes*,  in  order  to  which,  it  ' 
may  be  proper  to  examine  what  different 
forts  of  matter  enter  into  the  compofition 
of  what  we  call  iron-ore,  or  mine-ftone. 


Mr. 
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Mr.  Reaumur,  as  before  hinted,  has 
laid  a  proper  foundation  for  a  full  and 
fatisfa&ory  anfwer  to  this  enquiry,  when 
he  informs  us,  that  iron-ore  is  com¬ 
pounded  of  two  forts  of  earth,  a  metallic, 
and  a  common  one,  ftrongly  united  by  fait 
and  fulphur.  And  I  am  humbly  of  opi¬ 
nion,  that  the  fait  gives  this  metal  its 
permanency,  while  the  fulphur  occafions 
its  very  ftubborn  cohefion.  It  has  been  be¬ 
fore  obferved,  p.  52, — 54,  that  the  fulphur 
coheres  to,  and  binds  the  different  parts 

ft 

of  the  compofition  together  in  fo  ob- 
ftinate  a  manner,  that  if  a  confiderable 
part  of  it  were  not  diflodged  and  thrown 
off  by  a  previous  roafting,  it  would  be 
extreamly  difficult,  if  at  all  poffible,  to 
procure  a  proper  reparation. 

Thus  much  being  premifed,  I  hope, 

I  fhall  now  be  able  to  give  a  tolerable 

E  2  account 
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account  of  the  different  kinds  of  bar- 
iron. 

The  four  different  forts  of  matter 
abovementioned  entering  into,  and  mak¬ 
ing  a  part  of,  the  compofition  of  all  iron- 
ores,  and  ftill  continuing  their  connexion, 
in  different  proportions,  not  only  when 
they  are  run  into  fow,  or  pig-metal,  but 
even  after  they  are  wrought  into  bars ;  it 
muff  undoubtedly  be  owing  to  a  more  or¬ 
derly  proportion  of  thefe  feveral  materials, 
•when  the  bar-iron  proves  tough  and  good ; 
and  to  an  undue  and  irregular  excefs  of 
one,  or  the  other  of  them,  when  the 
metal  turns  out  bad,  whether  it  be  of  too 
red-fear,  or  too  cold-fear  a  quality :  That 
this  is  really  the  cafe,  will  admit  in  fome 
meafure  even  of  ocular  proof.  For  in- 
ilancc :  If  the  common  earth  abounds  in 

too 
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too  great  a  proportion,  (which  by  the 
way  is  not  eafily  feparable  in  the  mual 
methods  of  working),  I  lay,  if  this  ex¬ 
ceeds  its  due  proportion,  it  will  infal¬ 
libly  produce  a  red-fear  iron,  and  the 
pig-iron  of  this  fort  is  eafily  known  by 
its  complexion,  as  it  ever  exhibits  to  the 
eye  a  very  dark  grey  colour,  fometimes 
approaching  almoft  to  a  black.  The  rea- 
fon  why  this  fort  of  pig-iron  fhouid  pro¬ 
duce  a  red-fear  iron,  when  wrought  into 
bars,  is  extreamly  obvious  •>  as  well  as 
why  it  fhouid  difeover  fome  degree  both 
of  loftnefs  and  toughnefs,  when  it  is  cokij 
for  the  common  earth  being  too  plenti¬ 
fully  mixed  with  the  other  ingredients, 
and  being  in  its  own  nature  fofter  than 
the  metallic  atoms,  renders  the  metal  thus 
compounded,  more  liable  to  yield  either 
to  the  ftroke  of  the  hammer,  or  the  teeth 

E  3  of 
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of  the  file,  while  it  remains  cold  :  But 
when  the  more  aftive  parts  of  the  com¬ 
ped  non  arc  put  into  motion  by  the  force 
of  the  fire,  the  earthy  particles,  being 
more  fubjedl  to  dilate  and  expand  them¬ 
selves,  than  the  more  compact  metallic 
atoms ;  the  latter  are  ealily  driven  to  a 
greater  diftance  from  one  another,  by  the 
expanfion  of  the  former;  and  in  this 
fiate,  I  mean  while  it  continues  hot,  al- 
mou  the  leaft  impreffion  of  the  hammer 
will  make  the  parts  feparate  and  fly 
a ninder;  and  thus  it  comes  very  properly 
under  the  denomination  of  red-fear  iron, 
whether  it  be  in  pig,  or  in  bar.  On  the 
other  hand,  luppofing  the  common  earthy 
particles  to  be  carefully  feparated,  but 
ftill  an  undue  quantity  of  the  faline  and 
fulphureous  to  be  left  behind  ;  thefe  like- 
wile  may  keep  the  metallic  atoms  too 

much, 
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much  afunder,  though  not  at  fo  great  a 
diftance  from  each  other,  as  when  they 
are  too  much  clogged  with  common 
earth  ;  the  conlequence  in  this  ca(e  will 
not  be  the  fame  as  in  the  former-,  but  on 
the  contrary,  the  iron  will  now  be  very 
brittle  when  cold  ;  but  when  heated,  and 
that  to  almoft  any  degree,  will  fuftain  the 
mod  violent  efforts  of  the  hammer.  The 
appearance  put  on  by  the  metal  in  this 
cafe,  whether  in  pig,  or  in  bar,  is  that 
of  large  brilliant  and  fhining  mafles,  not 
altogether  unlike  thofe  difcoverable  in 
regulus  of  antimony  when  broken.  And 
‘  here  likewife  the  enquiry  is  not  attended 
with  any  great  difficulty,  why  the  bar- 
iron  arifing  from  this  fort  of  metal  fliould 
be  cold-fear,  as  it  is  called  ;  that  is,  why 
the  bars  fhould  be  very  brittle  when 
cold,  as  well  as  why  they  llrould  be  ca- 

E  4  pable 
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panic  or  bearing  a  pretty  high  degree  of 
heat,  and,  in  that  date,  of  differing  with¬ 
out  injury  fo  much  violence  from  the 
hammer.  For  as  the  faline  and  fui- 
phurcous  particles,  being  mixed  in  too 
large  a  proportion  among  the  metallic 
atoms,  naturally,  and  indeed  unavoidably, 
throw  the  whole  compofition  into  pretty 
large  fhining  maffes,  which  comparatively 
luffer  thofe  atoms  to  touch  each  other 
but  fparingly,  and  in  a  few  points  only  ; 
the  metal,  when  cold,  muff  of  neceffity 
be  very  fragile  and  brittle  j  but  on  the 
other  hand,  upon  a  proper  application  of 
the  fire,  as  thefe  faline  and  fulphureous 
particles  are  eafily  reduced  to  a  Hate  of 
fuiion,  and  as  they  may  be  confidered  as 
a  fort  of  flux  to  the  metallic  atoms,  thefe 
atoms  in  this  ftate  are  brought  to  be  foft 
and  yielding,  and  eafily  fubmit  to  the 


im- 


impreflions  of  the  hammer,  without  (of¬ 
fering  any  material  injury  ;  and  this  fort 
of  iron,  if  worked  with  care,  is  of  great 
ufe  for  many  valuable  purpofes.  If  the 
fait  and  fulphur  be  {till  farther  dii  charged, 
but  yet  fo  as  that  the  metal  remains  cold' 
fear  in  a  lower  degree,  it  will  begin  to 
difcover  a  whitifh,  grainy  texture,  fome- 
what  refembling  the  grain  of  fleel  when 
broken,  after  its  pores  have  been  doled 

by  the  hammer  ^  and  in  this  ftate  it  is 

% 

very  properly  called  by  the  workmen, 
cold-fear  tough.  This  grainy  appearance 
is  evidently  owing  to  the  metallic  atoms 
being  brought  near  together,  as  the  Hill 
abounding  quantity  of  the  other  extra¬ 
neous  matter  is  driven  off  by  the  fire, 
and  prefifed  out  by  the  force  of  the  ham* 
mer.  This  fort  of  iron  is  juflly  preferred 
by.  the  workmen  to  the  former,  as  it  is 
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better  adapted  to  many  more  purpofes,  and 
thofe  too  of  greater  ufe.  Thus,  by  ftill 
going  on  to  difcharge  yet  more  of  the 
fait  and  fulphur,  the  appearance  of  the 
iron  to  the  eye  goes  on  ftill  to  vary  its 
texture ;  for  in  proportion  as  this  dif¬ 
charge  is  made,  the  grains  are  brought? 
ftill  into  a  clofer  contact,  and  again  be¬ 
gin  to  form  themfelves  into  larger  coali¬ 
tions  ;  but  of  a  quite  different  nature, 
from  thofe  which  appeared  in  its  cold- 
fear  ftate;  for  they  now  begin  to  difpofe. 
themfelves  into  longiih  fibres,  with  per¬ 
haps  here  and  there  grains  ftill  inter- 
fperfed;  till  at  length,  by  ftill  carrying 
on  the  operation,  the  metal  is  entirely, 
formed  into  a  fibrous  texture ;  and  thefe 
fibres  become  ftill  larger  and  longer,  as 
the  other  principles  are  more  and  more 
difcharged  :  and  in  this  ftate  the  iron, 
becomes  duly  qualified  for  all  the  more 

valuable 
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valuable  purpofes,  efpecially  for  the  moft 

I 

valuable  of  all,  that  of  being  converted 
into  the  moll  excellent  fteel  *.  Here  it 
might  not  be  improper  to  offer  a  caution 
againft  going  too  far  in  this  proceis  of 
refining  the  iron  (though  I  believe  our 
iron-mafters,  as  they  are  called,  are  in. 
very  little  danger  of  this,  as  it  would  be 
attended  with  a  lofs  of  metal,  and  con- 
fequentiy  with  a  diminution  of  their  pro¬ 
fit)  fince  by  carrying  this  operation  too 
far,  the  iron  may  again  be  reduced,, 
though  upon,  a  quite  different  principle, 
to  fuch  a  ftate  as  will  render  it  extreamly 
brittle,  if  not  quite  rotten  and  altogether 


*  If  any  of  my  readers  are  defiroas  to  fee  a  fuller  * 
exemplification  of  thefe  different  appearances,  in  * 
the  texture  of  the  bars  of  iron,  under  the  different 
ftages  of  purification,  I  would  recommend  to  them 
Mr.  Reaumur’s  fifth  Memoire,  together  with  the  : 
plate  annexed,  No.  6. 

E  6. 
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ufclefs,  either  hot  or  cold  ;  for,  a  certain 
proportion  of  fulphur  being,  as  before 
obferved,  abfolutely  necelfary  to  main¬ 
tain  the  metallic  atoms  in  a  ftate  cf 
union  and  cohefion,  hence,  if  this  vincu¬ 
lum  or  binding  principle  be  carried  off* 
the  iron  mull  again  lofe  its  toughnefs 
and  malleability,  and  become  liable  to 
fall  to  pieces  under  a  very  flight  im-v 
predion. 

In  order  to  prove,  that  this  would 
really  be  the  cafe,  I  lhall  give  a  fhort  re¬ 
cital  of  an  experiment,  which  I*  had  the 

honour  to  exhibit  fome  years  fince,  be- 

1  • 

fore  the  late  Martin  Foulks,  Efq;  the  then 
worthy  Prefident,  and  feveral  other  re- 
fpeftable  members  of  the  Royal  Society. 

I  ordered  a  round  ball  of  iron,  weighing 
about  four  or  five  pounds,  to  be  fixed 
4.  far 
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for  convenience  at  the  end  of  a  long  ba$ 
®£  the  lame  metal.  The  ball  was  put 
into  a  large  fire  at  one  forge,  (for  there 
is  need  of  two  to  make  the  experiment •,) 
it  was  there  heated  to  fo  great  a  degree, 
that  it  was  almoft  ready  to  melt,  and  in¬ 
deed  till  the  fulphur,  (or  cinder  as  the 
workmen  choofe  to  call  it),  was  abfolutc- 
ly  in  a  ftate  of  fufiom  Then  being  re¬ 
moved  to  another  forge,  where  there  was 
no  fire,  and  there  being  dexteroufly  ap¬ 
plied  by  one  man  to  the  nofe  of  a  large 
pair  of  bellows,  and  another  man  being 
placed  to  blow  the  bellows,  and  force  the 
condenfed  air  with  all  his  might  into  the 
pores  of  the  heated  ball }  in  a  very  few 
Seconds  the  heat  of  the  ball  was  increafed 
to  fuch  a  degree  of  intenfenels,  as  to 
make  the  iron  drop  like  melted  w7ax  ; 
but  fo  deprived  of  its  fulphur,  which  was 

thus 
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tl»us  by  the  violence  of  the  blaft  fublimed 
and  carried  off,  that  the  melted  metal 
left  behind  in  a  veflel  placed  underneath 
to  receive  it,  was  become  a  perfect  calx, 
or  ■Crocus  of  iron.  In  this  manner  I  have 
fometimes  run  off  from  the  ball,  four  or 
five  ounces  of  the  metal  thus  reduced  to 
a  crocus;  in  which  ftate,  if  vefiels  could 
be  procured  that  would  hold,  no  doubt 
it  would  vitrify  in  a  very  violent  fire,  and 
evince  that  a  very  fixed  fait  (till  remained-.  I 
as  part  of  the  compofition,  and  that  the  il 

other  part  was  a  pure  metallic  earth  ;  for-  I 

l  am  well  allured,  that  by  introducing 
the  other  principle  of  fulphur  from  any 
proper  oleaginous  matter,  it  may  again , 
be  brought  back  to  the  ftate  of  malleable,  1 
iron,  or  fteel,  at  the  will  of  the  operator; 
and  in  all  probability  the  refult  would  be, 
that  the  metal  thus  formed,  would  turn 

out  t- 


— 
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out  the  beft  iron  or  fteel,  that  could  be 
procured  j  as,  by  this  means,  it  muft  be¬ 
come  totally  freed  from  any  mixture  or 
remains  of  the  common  earth,  the  great, 
bane  of  bath  iron  and  fteel. 


As  a  juft  inference  from  this  experi¬ 
ment  and  its  confequences,  I  cannot  leave 
this,  part  of  my  fubjedt,  without  afrefh 
inculcating  the  abfolute  neceffity,  in  or- 
der  to  make  good  bar-iron,  that  the  ut* 
moft  care  fhould  be  taken  to  extradt 
the  particles  of  common  earth,  which  all 
iron-ores-are  fo  exceffively  fraught  with  •, 
and  this  fhould  be  effedted  as  much  as 
poffible  at  the  fmelting  furnace,  by  the 
application  of  a  proper  confiftent  flux-: 
for  if  it  is  not  done  there,,  it  muft  be 
done  at  the  finery,  where  l  am  certain  it 
cannot  be  done  without  a  very  confider- 
able  expence  of  the  pure  metal 


In 
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In  order  to  confirm  thejuftnels  of  this 
obfervation,  I  (hall  tranfcribe  a  (hort  par 
ragraph  from  the  ingenious  Mr.  Reaumur, 

p.  391.  upon  the  art  of  foftening  ca(k 
iron,  which  is  as  follows : 

has  f antes  blanches  font  plus  pures  que  les 
f antes  grifes,  dies  contiennent  plus  de  fer  ; 
nous  l  avons  deja  vu,  &  nous  en  donnerons 
encore  line  preuve ,  qui  eft  que  dans  les  forges, 
en  retire  plus  de  fer  forge  dim  certain  poids 
aefonte  blanche ,  que  du  msme  poids  de  fonte 
grife.  II y  a  plus  de  matieres  etr anger es  dans 
les  fontes  grifes ,  £>  fur  tout ;  prob  abler, icrit 
jftus  de  matter e  terreufe,  plus  de  matiere  vi- 
trifice  de  ce  qv'on  appelle ,  dans  les  fourneaux 
a  mine  de  fer,  du  Laitier..  “  Pjg-iron  of 
a  white  coiour  is  more  pure  than  that 
of  a  grey ;  it  contains  more  iron  ;  wc  have 
feen  this  already,  arid  we  (hall  give  yet 

another 


[  89  J 

another  proof  of  it,  which  is,  that  at  the 
forge,  they  extratt  more  forged  iron  from 
a  certain  weight  of  white  pig,  than  from 
the  fame  weight  of  grey.  There  is  a 
greater  quantity  of  heterogeneous  matter 
in  the  grey  pig,  and  efpecially,  in  ail 
probability,  more  of  tire  earthy,  and  more 
of  the  vitrified  matter,  of  that  which 
they  call  at  the  furnaces  for.  iron-ore, 
Laitier.” 

As  the  affair  of  managing  the  metal- at 
the  forges,  is  the  principal  part  worth  no¬ 
tice,  there  is  room  to  fay  but  little  as  to 
the  manner  of  their  working  there  •,  only 
it  may  be  proper  juft  to  take  notice  in  ge¬ 
neral,  that  to  the  finery,  which  is  the 
forge  of  which  we  have  been  treating, 
they  bring,  as  Dr.  Harris  obferves,  their 
fows  and  pigs,  in  order  to  refine  them  •, 

which 
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which  they  endeavour  to  effeft  in  the 
following  manner : 

Into  the  finery  they  firft  put  the 
pigs  of  iron,  placing  three  or  four  of 
them  together  behind  the  fire,  with  a 
little  of  one  end  thruft  into  it ;  where 
foftening  by  degrees,  they  ftir  and  work 
them  with  long  bars  of  iron,  and  expofe 

IF 

at  different  times  different  parts  to  the 
blaft  of  the  bellows,  in  order  to  refine  it 
as  equally  as  poffible  ;  till  the  metal  runs 
together  into  a  round  mafs  or  lump, 
which  they  call  an  Half-Bloom.  This 
they  take  out,  and  give  it  a  few  ftrokes 
with  their  fledges*,  they  then  carry  it  to 
a  great  weighty  hammer,  raifed  by  the 
motion  of  a  water-wheel;  where  applying 
it  dexteroufly  to  the  blows,  they  prefently 
beat  it  out  into  a  thick  fhort  fquare. 

T  his* 
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This  they  put  into  the  finery  again *,  and 
and  heating  it  red-hot,  they  work  it  out 
under  the  fame  hammer,  till  it  comes  to 
be  in  the  fhape  of  a  bar  in  the  middle, 
but  with  two  fquare  knobs  on  the  ends. 

,  This  they  call  an  Ancony.  Which 
finilhes  the  bufinefs  at  this  forge. 

cc  Lad  of  all  it  is  carried  to  the  other 
forge  called  the  Chafery,  where  they  ad- 
minider  other  heats  and  more  workings 
under  the  hammer,  till  they  have  brought 
their  iron  into  bars  of  feveral  fhapes  and 
fizes.” 

Having  thus  far  difcufied  and  fettled 
every  thing  which  feemed  to  be  neceffary 
upon  the  article  of  iron,  and  clearly  (hewn 
what  fort  of  bar-iron  is  bed  for  the  pur- 
pofe  of  being  converted  into  good  fteel ; 

my 
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my  method  now  requires,  that  I  fhould 

ofrer  feme  thoughts  upon  the  nature  of 
fleel. 

And  here  I  fliall  endeavour  to  difeover 
hs  true  charadlerifticks,  fhew  in  what  it 
iffers  from,  and  in  what  it  agrees,  at 
leaft  with  fome  common  bar-iron. 

,  i'  T  •'» 

Mr.  Chambers’s  account  of  iron  I  have 
alt eady ,  I  hope,  not  without  reafon  ex¬ 
ploded:  but  his  account  of  the  nature  of 
ileel,  and  the  manner  of  its  being  pre¬ 
pared,  or  converted,  as  it  is  ufually  ftiled, 
from  bar  iron,  deferves,  1  think,  for  its 
obfeurity,  a  more  fevere  animadverfion ; 
unlefs  we  imagine  he  had  been  purpofely 
obfeure,  judging  the  fubjedl  to.  be  of  fuch 
a  nature  as  it  would  be  criminal  to  di¬ 
vulge.  The  ingenious  Dr.  Harris,  in  his 

Lexicon. 
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Lexicon  Technicum,  has  indeed  been 
more  explicit ;  and  what  he  there  offers 
vspon  the  article  of  fteel,  is  not  only  true, 
but  pradicable;  fo  far  as  he  enters  into 
the  lubjed.  Befides  thefe  two,  I  cannot 
recoiled,  that  I  have  met  with  any  Eng- 
lifh  writer,  who  has  offered  any  thing 
upon  this  matter  worthy  of  notice.  But 
it  may  poffibly  be  expeded  I  ihould  pay 
fome  regard  to  a  very  celebrated  French 
writer,  a  late  worthy  and  ornamental 
member  of  the  Royal  Academy  of 
Sciences  at  Paris,  to  whofc  memory  I 
Ihould  be  unjuft,  were  I  not  to  acknow¬ 
ledge  myfelf  greatly  indebted  to  his  ela¬ 
borate  performance  upon  the  fubjed  I 
have  ventured  to  treat  of  in  this  impeded 
effay  :  while  at  the  fame  time  1  cannot 
help  expreffing  my  concern,  that  I  am 
under  a  neceffity  of  differing  from  him  in 

that 
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that;  part  of  it,  which  I  am  juft  entering 
upon.  But  my  diffent  even  from  fo 
great  a  philofopher  will  be  excufed,  if  I 
am  able  to  give  fatisfattory  reafons  for  it, 
founded  upon  faft  and  experience.  To 
begin  then  with  iron,  in  the  firft  ftate  in 
which  it  may  not  improperly  be  entitled 
to  the  denomination  of  fteel ;  viz.  when 
it  is  firft  reduced  from  its  mineral  ftate 
into  what  we  call  pig-metal. 

Mr.  Reaumur,  in  the  beginning  of  his 
7th  Memoire,  very  juftly  complains,  that 
in  the  language  of  common  writers  upon 
the  fubjeft,  there  is  no  fuch  thing  to  be 
met  with  as  any  juft  idea  of  the  nature 
of  fteel,  and  wherein  it  effentially  differs 
from  iron ;  that  in  general  the  defini¬ 
tions  they  have  recourfe  to,  are  iron  more 
pure,  iron  more  perfeft,  iron  more  re- 

4  fined. 
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fined.  He  names  the  great  Rohault,  and 
adds,  that  he  could  mention  an  hun¬ 
dred  others,  whofe  accounts  are  not  more 
decifive  and  accurate;  upon  which  he 
very  pertinently  remarks  •,  that  with  re¬ 
gard  to  the  laft  mentioned  definition,  that 

O 

it  is  iron  more  refined,  it  is  indeed  very 
faulty;  nor  will  it  at  all  hold  good,  if  we 
compare  it  with  the  idea  we  have  of  re¬ 
fining  gold,  or  filver,  by  which  we  in¬ 
tend  the  removal  of  impure  metals,  or 

any  other  heterogeneous  matter  which 
# 

may  happen  to  be  incorporated  with  the 
gold,  or  filver.  He  goes  on  to  make 
feveral  other  very  ingenious  remarks, 
well  worth  our  attention  ;  but  which  we 
have  no  occafion  to  adduce,  in  order  to 
prove  that  iron  thoroughly  purged  and 
refined  is  by  no  means  entitled  to  the 
character  of  fleel ;  fince  we  have  before 

us 


/ 
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us  fo  flagrant  an  inftance  to  the  con¬ 
trary,  as  that  pig-metal  juft  reduced  from 
the  ore,  which  is  the  moft  unrefined  and 
imperfect  ftate  it  can  be  in,  is  notwith- 
ftanding  real  fteel ;  whereas  bar-iron,  re¬ 
fined  to  the  higheft  degree  for  common 
uie,  is  in  the  greateft  degree  remote  from 

that  character,  and  the  more  or  lefs  fo,  as 

*  1  »  '/  *  .  » 

it  is  more  or  lefs  refined. 

»  k  •  •  4  j  »  I  i 

i 

But  notwithftanding  Mr.  Reaumur 
and  myfelf  feem  perfectly  agreed,  that 

iron-ore  reduced  to  pig- metal  is  really 

% 

fteel,  though  in  a  ftate  of  great  imper¬ 
fection  ;  yet  the  queftion  with  me  is, 
how  it  comes  to  he  fteel  ? 

Mr.  Reaumur  in  his  ninth  Memoire, 
p.  239.  in  order  to  give  us  his  idea  of 
the  matter,  has  recourfe  to  what  he  had 

advanced 
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advanced  in  his  firft  •,  That  iron  in  its  mi¬ 
neral  ftate,  is  a  compofition  made  up  of 
earthy  particles,  ferrugineous  particles, 
and  particles  of  fulphur,  and  lalt.  He 
proceeds  to  inform  his  readers,  that  fait 
and  fulphur  abound  in  all  metallic  mines; 
that  the  fulphur  muft  be  fublimed  and 
carried  off  to  a  certain  degree,  before  the 
metalline  parts  can  be  properly  feparated. 
This,  he  fays,  is  the  cafe  with  iron  ores, 
as  well  as  with  the  ores  of  other  metals ; 
which  would  be  liable  to  great  wafte  of 
metal,  if  the  workmen  were  not  to  begin 
with  roafting  the  ore,  or  burning  away 
by  a  gentle  fire  part  of  the  fulphur. 

All  this  is  readily  granted  :  but  (till,  I 
apprehend,  it  does  not  quite  come  up 
to  the  point.  There  is  no  doubt  that  the 
-ores  of  all  metals  in  their  mineral  ftate 

F  abound 
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abound  in  fulphur,-  and  require  this  crude 
fulphur  to  be  carried  off,  in  order  to  re¬ 
duce  their  refpedtive  metals  to  fuch  a 
ftate  of  purity  and  perfeftion,  as  will 
render  them  fit  for  their  feveral  ufes. 
With  regard  to'different  metals,  different 
methods  are  purfued  to  obtain  this  effect. 
But  copper  and  iron  appear  to  be  the 
two  moll  difficult  metals  to  be  brought  to 
this  ftate  of  neceffary  perfection.  The 
former,  frequently,  requires  feveral  very 
elaborate  operations  for  this  purpofe  j 
though  I  have  more  than  once  reduced  it 
by  one  very  fimple  manner  of  treatment. 
After  the  firft  reduction  in  the  common 
manner  of  working,  it  becomes  what  I 
think  they  call  black  copper ;  and  then 
it  pafifes  through  another  operation  to 
render  it  fine  copper,  fit  for  ufe.  But 
my  concern  is  not  with  copper,  but  with 
iron  and  fteel. 


Mr. 
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Mr.  Reaumur  is  of  opinion,  and  en¬ 


deavours  to  maintain  it  with  great  inge¬ 
nuity,  that  as  the  iron-ore  contains  a  very 
large  proportion  of  fulphureous  and  faline 
matter  in  its  original  compofition,  it  is 


owing  only  to  a  partial  removal  of  this 
original  fulphur,  that,  in  the  fucceflive 
ftages  through  which  it  pafles,  it  afiumes 


different  qualities,  and  becomes  entitled 


to  different  characters 


Here  I  mud  beg  leave  to  differ  from 


him  :  For  in  my  opinion,  it  is  not  altoge¬ 
ther  (if  at  all)  owing  to  the  remains  of  the 
original  fulphur  exiftent  in  the  ore,  that 
the  metal  afiumes  different  qualities  in 
the  fucceffive  operations  through  which  it 
paffes,  but  to  the  introdu&ion  of  a  more 
kind  and  genuine  fulphur,  difpenfed  by 
the  fuel  made  ufe  of  in  the  operation. 


F  2 


(I  mean 
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(I  mean  if  the  fuel  be  charcoal)  and 
forced  among  the  metallic  atoms  by  the 
energy  of  a  violent  fire ;  which  either 
ferrits  and  drives  out  the  original  crude 
fulphur,  and  immediately  fills  its  place; 
or  by  its  falutary  virtue,  fo  far  corrects 
and  alters  its  nature,  as  to  render  it  inno¬ 
cent  and  inoffenfive.  At  the  fame  time, 
I  am  perfuaded,  the  influence  of  the  char¬ 
coal,  in  the  firfl  operation  of  running 

down  the  iron  at  the  furnace,  as  truly 
converts  the  iron  into  fteel,  as  the  bar- 
iron  is  afterwards  converted  into  fteel,  by 

being  enveloped  in  a  bed  of  materials 

,  * 

proper  for  the  purpofe,  and  lodged  to- 
gether  in  a  furnace  as  well  adapted  to 
carry  on  and  finifh  the  operation.  This 
perhaps  may  be  made  more  fully  to  ap¬ 
pear,  when  we  come  to  treat  of  that  man¬ 
ner  of  converlion.  But  when  the  ofe  is 

firfl 


— 
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fir-ft  run  down  at  the  furnace,  the  opera¬ 
tion  being  promoted  there  in  fo  violent 
a  manner,  by  the  ftrong  blaft  ot  fuch 
enormous  large  bellows,  the  ore  and  the 
fuel  are  foon  torn  to  pieces  with  fo  much 
impetuofity,  as  to  be  inftantly  reduced, 
both  the  one  and  the  other,  into  a  ftate 
of  fufion  •,  when,  the  former  ever  eager  to 
imbibe  any  frelh  fulphur  thrown  in  its 
way,  and  the  latter  as  eager  to  perform 
its  office,  one  would  imagine  the  ferment 
and  ftruggle  ffiould  be  fufficiently  power¬ 
ful,  for  the  vigorous  efforts  of  the  frefh 
fulphur  to  difiodge  the  former  foul  inha¬ 
bitant,  and  take  poffeffion  of  its  place. 
And  this  poffibly  might  be  more  effec¬ 
tually  done,  if  there  was  no  lime-ftonc 
made  ufe  of  to  promote  the  fufion. 

Taking  this  for  a  true  ftate  of  the 
matter,  it  mull  neceffarily  follow,  that 

F  3  tire 
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the  fteel,  thus  firft  produced,  muft  be 
itcel  converted  to  a  very  high  degree, 
and  confequently  very  hard  and  fragile; 
which  is  well  known  to  be  the  cafe. 

But  in  order  to  fhew  that  in  the  whole 
of  this  I  have  given  a  juft  account,  I 
muft  bring  the  matter  to  the  teft  of  ex¬ 
perience. 

In  the  numberlefs  trials  which  I  have 
made  in  miniature,  of  reducing  iron  ore  to 
pig-metal,  I  have  generally  been  obliged, 
in  order  to  preferve  my  crucibles  from 
being  torn  to  pieces,  by  the  voracious 
quality  of  the  fulphur  exifting  more  or 
lefs  in  all  the  varieties  of  mine-ftone 
upon  which  I  have  made  my  experiments, 
to  ufe  a  certain  portion  of  charcoal  duft, 
the  quantity  of  which  I  have  been  ever 

forced 
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forced  to  vary  according  to  the  nature 
and  quality  of  the  fulphur,  which  I  met 
with  in  the  different  mine-done.  For 
this  reafon  I  have  frequently  been  obliged 
to  make  the  fame  experiment  two  or  three, 
and  fometimes  four  times  over-,  but  have 
always  found,  the  larger  quantity  of  dull 
I  made  ufe  of,  the  refult  of  the  reduction 
was  ever  a  more  perfect  metal,  more 
particularly  in  two  intereding  experi¬ 
ments. 

The  fird  was  that  of  the  American 
black  fand,  an  account  of  which  was  a 
few  years  fince  laid  before  the  Royal 
Society,  in  a  letter  to  my  late  worthy 
and  ingenious  friend  Mr.  John  Elli- 
cott,  and  by  them  ordered  to  be 
printed  in  the  Tranfaftions.  The  fulphur 
with  which  this  fand  was  exceedingly 

F  4  [fraught. 
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fraught,  was  of  fo  fixed,  and  at  the  fame 
time  of  fo  corrofive  a  nature,  that  in  one 
inftance  upon  ufing  a  pretty  powerful 
flux,  the  metal  was  all  fublimed  and  car¬ 
ried  up  the  chimney.  In  another,  where 
the  flux  was  more  moderate,  the  fulphur 
carried  off  the  metal  another  way,  by 
gnawing  the  fides  of  the  crucible  through. 
But  being  certain  that  the  fand  contained 
a  confiderable  quantity  of  metal,  in  or¬ 
der  to  prevent  this  laft  inconvenience,  I 
charged  the  crucible  with  fuch  a  quantity 
of  the  duft,  that  it  was  difficult,  even  by 
the  help  of  the  flux,  to  colleft  the  flut¬ 
tered  atoms  of  the  metal.  However,  by 
a  little  patience  and  perfeverance,  I  at 
Jaft  happily  effected  it,  and  was  both 
pleafed  and  furprifed  to  find,  out  of 
about  four  ounces  of  the  ore,  two  ounces 
of  the  metal,  (though  I  apprehend  not 
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all  collected)  at  the  bottom  of  the  cru¬ 
cible-,  but  fo  changed,  that  inftead  of 
being  fine  pig-metal,  which  I  expedled, 
it  turned  out  to  be  tolerably  fine  mal- 
leable  fteel. 

But  I  (hall  not  enlarge  upon  this,  as  I 
have  reprinted  that  letter,  and  prefixed  it 
to  the  prefent  effay.  Nor  fhall  I  here 
mention  another  experiment  as  much  in 
point,  as  this  juft  now  recited  •,  fince  I 
fnall  be  under  a  neceffity  of  relating  it 
hereafter. 

Now  if  there  is  reafon  to  believe,  that 
the  firft  running  down  of  the  ore  at  the 
furnace,  is  really  a  converfion  of  the  fer- 
rugineous  atoms  into  a  very  fragile  im- 
malleable  fteel,  I  think,  it  will  naturally 
follow,  that  in  carrying  on  the  farther 

F  5  opera- 
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operations  of  refining  the  metal  at  the. 
forge  called  the  Finery,  where  the  fame 
fort  of  fuel  is  continued,  and  the  blaft  of 
a  more  gentle  nature ;  it  will  follow,  I 
fay,  that  the  change  mud  by  gentle  de¬ 
grees  produce  fuch  falutary  eflfedts,  that 
at  a  certain  period,  could  the  blaft  be 
equally  applied  to  every  atom  of  the 
metal,  as  is  the  cafe  in  fufion,  the  refult 
would  be,  that  the  operator  would  be  in 
pofteffion  of  a  quantity  of  fteel  of  a  uni¬ 
form  texture,  but  greatly  inferior  to  fteel 
converted  from  good  bar-iron:  for  ob~ 
vious  reafons,  which  will  come  in  courfe 
to  be  taken  notice  of  by  and  by. 

Mr.  Reaumur  in  the  above  as  well  as 
in  fevcral  others  of  his  Memoirs,  drops 
very  inftrudlive  hints  with  regard  to  the 
fteel  made  in  Germany,  as  well  as  in 

fome 
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fome  parts  of  France,  from  pig- metal  not 
reduced  to  bar-iron,  and  then  converted 
into  fteel ;  though  at  the  fame  time  he 
informs  his  readers,  that  a  more  perfect 
account  of  that  matter  is  lefeived  for 
another  -work. 

It  is  to  be  noted,  that  this  author,  in 
his  firft  Memoir,  propofes  to  his  readers 
three  methods  of  making  feel ;  the  two 
firft  are  the  methods  ui'ed  in  Germany, 
and  fome  parts  of  France,  of  making 
ftee!  direftly  from  pig- metal,  without  its 
beino-  firft  reduced  into  bais}  his  third 
and  laft  method,  is  that  of  converting 
bar-iron  into  fteel :  and  a  very  odd  med¬ 
ley  of  materials  he  recommends  as  proper 
to  be  made  ufe  of  for  that  purpofe ;  fuclt 
as  foot,  wood-afhes,  powdered  charcoal, 

and  feafaltv  and  thefe  he  dire  ft  s  to  be 

F  6  mixed 
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mixed  up  in  different  proportions,  ac¬ 
cording  to  the  nature  of  the  different 
forts  of  iron  to  be  wrought  upon.  As 
he  profeffes  to  found  his  enquiries  upon 
the  pradtice  of  cafe-hardening,  I  am  in¬ 
clined  to  apprehend  that  fome  famous 
pradtitioner  in  that  way  furnilhed  him 
with  this  notable  recipe.  The  materials 
may,  for  any  thing  I  know  to  the  con¬ 
trary,  anfwer  very  well  for  the  purpofe  of 
cafe-hardening  •,  but  I  am  not  a  little  fur- 
prifed,  that  fo  great  a  philofopher,  Ihould 

fuffer  himfelf  to  be  fo  far  impofed  on,  as 

.  ' 

to  recommend  luch  a  jumble  of  materials 
for  the  purpofe  of  converting  bar-iron 
into  fteel:  efpecially  as  in  the  courfe  of 
his  experiments,  he  had  met  with  feveral 
fingle  things  that  would  fo  well  anfwer 
the  fame  purpofe,  and  even  mentions  the 
very  identical  matter  generally  ( if  not 
always)  made  ufe  of. 


But 
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But  to  bring  the  matter,  as  to  this 
point,  to  a  final  iffue,  I  allure  my  rea¬ 
ders,  that  powdered  charcoal  alone,  or 
what  they  generally  call  charcoal  dull, 
is  abundantly  fufficient  to  produce  this 
valuable  effed,  of  converting  bar -iron 
into  excellent  Heel.  This,  and  this  a- 
lone,  is  made  ufe  of  at  all  the  Heel- 
furnaces,  wherever  I  have  been  ;  and  I 
am  fully  confident  that,  if  this  fimple 
ufeful  material  were  laid  afide  for  Mr. 
Reaumur’s  compofition,  it  would  be  at¬ 
tended  with  very  difagreeable  confe- 
quences. 

The  furnaces  made  ufe  of  for  this  pur- 
pofe  are  of  different  fizes ;  fome  capable 
of  converting  only  three,  or  four  ton- 
weight,  while  others  are  capacious  enough 
to  contain  from  feven  to  eight  or  ten 


tons. 
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tons.  The  outfides  of  thefe  furnaces  rife 
up  in  the  form  of  a  cone,  or  fugar-loaf, 
to  the  height  of  a  very  confiderable  num¬ 
ber  of  feet.  In  the  infide,  oppofite  to 
each  other,  are  placed  two  very  long 
cherts,  made  either  of  ftone,  or  of  bricks 
capable  of  bearing  the  ftrongeft  fire; 
which  is  placed  between  the  two  cherts. 
The  bars  of  iron,  after  the  bottom  is 
furnifhed  with  a  necefiary  quantity  of 

charcoal  dull,  are  laid  in,  Jlratum  fuper 
•  • 

Jlratum ,  with  intermediate  beds  of  the 
charcoal  dull;  to  fuch  a  height  of  the 
cherts,  as  only  to  admit  of  a  good  bed  at 
top;  which  is  then  all  covered  over,  to 
prevent  the  admifiion  of  the  common  air; 
which,  could  it  procure  an  entrance,  would 
greatly  injure  the  operation.  The  iron 
being  thus  fituated,  the  fire  is  lighted; 
which  is  fome  time  before  it  can  be  raifed 
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to  a  fufficient  degree  of  heat,  to  produce 
any  confiderable  effeft.  After  which  it 
is  continued  for  fo  many  days  as  the  ope¬ 
rator  may  judge  proper ;  only  now  and 
then  drawing  out  what  they  call  a  proot 
bar.  This  is  done  by  openings,  fit  for  the 
purpofe,  at  the  ends  of  the  cheft,  which 
are  eafily  and  with  expedition  flopped  up 
ao-ain,  without  occafioning  any  injury  to 

O  7 

the  contents  left  behind.  When  the  ope¬ 
rator  apprehends  the  converfion  is  fuffi- 
ciently  compleated,  the  fire  is  fuffered  to 
co  out,  and  the  furnace,  with  its  con- 

tD  7 

tents,  is  left  gradually  to  cool.  This  may 
take  up  feveral  days  :  after  which  the 
the  furnace  is  difeharged,  by  taking  out 
the  bars  of  fteel,  and  the  remainder  of 

the  charcoal  duft. 

The  appearance  of  the  bars,  as  well 

upon  the  furface,  as  in  the  interior  parts, 

abundantly 
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abundantly  dilcovers  the  prodigious  effi¬ 
cacy  of  this  fimple  material,  when  urged 
by  a  ftrong  and  fufficiently  continued  fire. 
For  the  furface  exhibits  a  great  number 
of  tumors,  or  blifters,  which  give  it  the 
denomination  of  Bliftered  Steel. 

Thefe  excrefcences,  which  we  call 
Blifters,  Mr.  Reaumur  terms  Bulles,  or 
Bouillons ;  and  apprehends  they  may  be 
owing  to  a  fort  of  boiling,  or  to  a  kind 
of  motion  fimilar  to  that  of  boiling,  made 
in  the  iron ;  but  a  little  farther  on  he  in¬ 
timates,  that  thefe  fwellings  may  be  owing 
to  fome  parts  of  the  iron  not  being  fo 
well  clofed,  and  rendered  compact,  while 
the  bars  were  under  the  difcipline  of  the 
hammer  at  the  Chafery.  But  then  it  re¬ 
mains  a  query,  Why  that  fiiould  be  the 
cafe  ?  To  which,  I  think,  a  very  ready 

anfwex 
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anfwer  may  be  given  •,  for  as  the  foul 
fulphur,  with  which  the  iron  frequently 
abounds,  is  not  fufficiently  purged  out 
at  the  Finery,  thofe  parts  of  the  bars 
where  it  remains,  are  with  difficulty 
brought  to  unite  by  welding,  as  it  is 
called  i  and  this  remaining  fulphur  being 
ftrongly  urged,  in  the  converting  furnace, 
by  the  ftrong  fire,  joined  with  the  agency 
of  the  more  pure  fulphur  exifting  in  the 
materials  made  ufe  of*,  muft  of  courfe  oc* 
cafion  a  very  fierce  conteft,  between  the 
two  combatants ;  the  one  endeavouring 
to  expel  the  other  •,  which  being  very 
difficult  entirely  to  effett,  it  is  natural  to 
fuppofe  the  confequence  muft  be,  that 
thofe  parts  of  the  bars  which  had  not 
been  fufficiently  united,  may  luffer  a  par¬ 
tial  reparation,  fo  as  to  raife  thefe  blifters. 
What  tends  to  confirm  this  fuppofuion. 


f  J'4  j 

is,  that  when  thefe  bars  of  bliftered  fteel 
happen  to  come  under  the  hands  of  a 
judicious  workman;  before  he  attempts 
to  bring  them  under  the  hammer,  in  or¬ 
der  to  work  them  down  for  any  requifite 
purpofe;  his  firft  bufmefs  is  with  a  punch, 
to  pierce  thefe  blitters,  (fome  of  which  I 
have  feen  near  as  big  as  a  pigeon’s  egg) 
in  order  to  give  vent  to  the  contained 
fulphur,  that  the  iron  may  be  in  a  ftate, 
to  bear  a  welding  heat,  fufficient  to  bring 
the  parts  into  a  proper  union.  I  have 
frequently  obferved,  that  when  thefe 
pun&ures  have  been  made,  the  air  and 
fulphur  have  fuddenly  rufhed  out  with  a 
fmart  whizzing  noife.— -Thus  much  for 
the  change  brought  about  by  the  con- 
verfion  upon  the  furface  of  the  bars. 

It  now  remains  to  make  fome  few  ob- 
fervations,  upon  the  change  wrought,  by 

the 
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the  operation,  in  the  interior  parts  of  the 
metal. 

Mr.  Reaumur  is  very  particular,  in 
his  fixth  Memoir,  upon  this  part  of 

the  fubje&j  where  he  juftly  remarks, 
that,  as  the  iron  made  ufe  of,  is  more 
or  lefs  adapted  by  its  ftrufture  to  be 
converted  into  fteel,  the  fteel  in  con- 

fequence  will  exhibit  very  different  phe¬ 
nomena.  It  fhould  be  remembered, 

that  Mr.  Reaumur,  and  myfelf,  are  per¬ 
fectly  agreed,  what  fort  of  iron  is  belt 
adapted,  for  being  converted  into  good 
fteel ;  I  mean,  as  to  its  texture  and  ap¬ 
pearance  ;  namely,  that  that  fort  is  the 
molt  proper,  which  is  fo  far  purged  and 
refined,  as  to  be  formed  into  long  fibres. 
During  the  time  of  the  converfion,  thofe 
fibres  are  cut  afunder,  and  after  the  con- 

0  to 
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verfion  fhew  themfelves  in  large  fhining 
mattes ;  thefe  large  mattes,  one  tnioht  ex- 
pcft,  would,  upon  being  reduced  into 
fmaller  bars  or  rods,  be  again  ftretched 
out  into  fmaller  fibres.  But  the  change 
made  in  the  metal,  rendering  this  irn- 
poffible,  it  may  be  afked,  What  is  the 
circumftance  attending  this  change  ?  A 
circumftance,  which,  though  very  in- 
terefting,  appears  to  have  efcaped  this 
curious  and  inquifitive  writer  *,  but  in  the 
courfe  of  my  bufinefs  I  have  been  led  to 
obferve  it.  It  is  this :  that  upon  breaking 
a  well  hammered  rod  of  this  fteelj  inftead 
of  breaking  off  at  right  angles,  with  a 
faint  rotten  kind  of  noife  in  the  rupture, 
(which  is  the  cafe  attending  the  common 
fort  of  fteel,  converted  from  ordinary,  or 
indifferent  iron;)  this  breaks  into  a  long 
flaky  kind  of  grain,  made  up  of  a  longifii 
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congeries  of  very  fine  atoms  and  upon 
breaking  occafions  a  confiderable  concuf- 
fion  of  the  air  \  which  the  workmen  term 
a  breaking  with  a  twang. , 

This  fort  of  fleel  is  much  better 
adapted  to  the  purpofe  of  making  fine- 
edged  inftruments,  as  razors,  lancets,  &c. 
as  I  fhall  have  occafion  more  fully  to 
fhew,  when  I  come  to  treat  of  fleel  more 
compleatly  refined  by  fufion,  under  the 
influence  of  a  proper  flux. 

There  are  two  other  remarks  of  Mr, 
Reaumur,  and  others,  viz.  T  hat  the  iron, 
in  pafling  under  this  amazing  change  or 
being  converted  into  fleel,  acquires  a 
confiderable  augmentation  both  as  to  ks 
volume  and  weight. 


As 
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As  to  the  former -of  thefe,  viz.  in- 
creafe  of  volume,  this  ingenious  writer 

o’oferves,  that  what  occafions  the  blilters, 

% 

or  Bouillons,  as  he  terms  them,  upon  the 
furface,  muft  at  the  fame  time  occafion 

fomewhat  fimilar  through  the  whole  body 

* 

of  the  bar  •,  that  the  effedt  is  fcarcely  fen- 
fible,  as  to  the  breadth  or  thicknefs ;  but 
difcovers  itfelf  as  to  the  length  ;  info- 
much  that  in  a  fmall  bar,  only  five  inches 
long,  it  was  increafed  one  ligne  and  a 
half.  As  to  the  increafe  of  weight,  he 
makes  the  amount  to  be  only  part 
of  the  whole;  in  which  calculus  I  appre¬ 
hend  he  muft  be  miftaken;  as  a  gentle¬ 
man  in  the  north,  matter  of  a  large  fteel- 
work,  has  affured  me,  that  he  eftimated 
his  increafe  to  be  one  hundred  weight 
upon  leven  tons. 


I  have 
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I  have  before  allowed  an  affertion  of 
Mr.  Reaumur’s  to  be  juft,  viz.  That  pig- 
metal  is  really  fteel,  but  of  a  very  harfh 
fragile  nature ;  though  I  differed  from 
him  as  to  the  real  caufe  of  its  meriting 
that  character,  viz.  Whether  it  is  owing 
to  the  raw  fulphur  originally  inherent  in 
the  ore,  or  to  the  fulphur  of  the  charcoal 
made  ufe  of  in  its  redu&ion  in  the  fur¬ 
nace.  In  order  to  put  it  beyond  doubt, 
that  the  latter  is  the  cafe,  I  procured 
fome  of  the  mod  imperfett  fort  of  RulTia 
bar-iron,  termed  Brinfky-Iron.  This  fort 
of  iron  is  well  known  by  judicious  work¬ 
men,  to  be  a  compound,  of  pretty  nearly 
equal  parts,  of  raw  pig-metal,  and  iron 
tolerably  well  purged ;  or,  according  to 
Reaumur’s  opinion,  half  iron,  and  half 
fteel :  I  melted  a  fufficient  quantity  of 
-  this  metal,  and  run  it  into  an  ingot ;  the 
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confequence  was,  I  had  a  fmall  bar  of 
low  converted  fteel,  but  of  an  uniform 
texture  •,  which  by  proper  management 
however,  I  had  wrought  into  a  dozen  of 
tolerably  ferviceable  table-knives.  A  ftub- 
born  proof  this,  that  running  down  in 
the  fmelting-furnace  really  converts  it 
into  fteel. 

I  fhould  now  have  proceeded  to  per¬ 
form  the  promife  I  made  at  my  firftfetting 
out,  namely,  to  Ihew  the  manner  and 

utility  of  reducing  bar-fteel  into  a  more 
compact  and  uniform  texture  by  fufion ; 
were  it  not  for  the  propriety  of  firft 
taking  notice  of  an  extraordinary  pamph¬ 
let  which  hath  lately  appeared,  written 
by  a  famous  artift  in  manufacturing  fteel 
at  the  weft  end  of  the  town;  and  fol¬ 
lowed  by  an  advertifement  as  extraor- 
r3  dinary, 
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dinary,  in  the  Daily  Advertifer,  of  Wed- 
nefday,  Jan.  8,  1772.  The  title  of  the 
pamphlet  is,  44  An  Efiay  on  the  Myftery 
44  of  Tempering  Steel  *  wherein  the  Ef- 
44  feels  of  that  Operation  are  fully  confi- 
44  dered.  Said  to  be  extracted  from  the 
44  Works  of  the  celebrated  Monf.  Reau- 
44  mur/*  The  advertifement  intimates  a 
difcovery  being  made  by  this  ingenious 
artift,  “  of  a  method  of  tempering  thofe 
44  fine-pointed  inftruments  called  lancets, 
4C  in  fuch  a  manner  as  to  obviate  a  gene- 
<c  ral  complaint  of  the  liablenefs  of  fuch 
44  exquifitely  fine  points  breaking  in  the 
44  operation.” 

If  fuch  a  complaint  has  been  general, 

•  to  be  fure,  finding  out  a  method  to  pre¬ 
vent  it,  muft  be  looked  upon  as  a  very 
ufeful  difcovery.  But  I  never  happened 
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to  be  informed  before,  that  it  had  been 
general:  indeed  my  own  experience  mud 
bear  witnefs  to  the  contrary  •,  for  though 
I  have  had  great  numbers  of  thole  cu¬ 
rious  inftruments  made  from  my  own 
fteel,  I  never  heard  of  one  inftance  to 
favour  fuch  an  opinion.  Indeed  hap¬ 
pening  lately  to  be  in  company  with  a 
gentleman  not  long  fince  arrived  from 
New-York,  he  informed  me,  that  in  be- 
ino-  blooded  he  had  once  met  with,  fuch 
an  accident,  the  point  of  the  inftrument 
having  broken  in  the  vein,  and  been 
difcharged  by  the  violent  impetus  of  the 
blood,  iffuing  from  the  orifice.  But  being, 
upon  enquiry,  informed  that  the  lancet 
was  made  by  a  New-York  cutler,  my  fur- 
prize  was  a  little  abated. 

Upon  a  careful  perufal  of  the  eflay 
above  mentioned,  and  looking  over  the 
3  par- 


particular  Memoir  of  Mr.  Reaumur, 
from  whence  the  pamphlet  appears  to  be 
extracted ;  which  before  I  happened  to 
have  taken  little  notice  of ;  I  was  con¬ 
cerned  to  End,  what  great  pains  had  been 
taken  to  make  that  a  myftery,  which  had 
before  always  appeared  extreamly  ob¬ 
vious,  as  a  matter  of  faff,  and  eafily  to 
be  accounted  for.  Mr.'Reaumur,  I  own, 
has  not  been  fufficiently  clear  and  ex¬ 
plicit  •,  having  blended  together  two  or 
three  ideas  under  the  fame  term,  viz. 
that  of  tempering  of  fteel.  His  tranf- 
lator,  as  he  was  writing  for  the  informa¬ 
tion  of  Englilli  artificers,  fiiould  have 
been  careful  to  have  delivered  his  fenti- 
ments  in  fuch  terms,  as  were  familiar  to 
them,  and  as  they  could  not  eafily  have 
miftaken.  But  this,  even  at  his  firft  fettino- 
out,  he  appears  to  have  neglected.  He 

G  2  begins 
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begins  thus  :  “  The  diftinguifhing  cha- 
“  rafter  of  fteel,  confidered  with  refpeft 
“  to  the -offices  it  ferves,  confifts  in  the 
“  peculiar  property  it  has  of  becoming 
“  hard  by  means  of  tempering.” 

Here  the  writer  confounds  two  very 
exprefiive  words  appropriated  to  very 
different  notions  for  judicious  workmen 
generally  make  ufe  of  three  capital  terms, 
in  order  to  preferve  a  proper  diftinftion  of 
ideas,  viz.  Hardening,  Tempering,  and 
Nealing.  The  firft  idea  is  defined  above, 
under  the  term.  Tempering;  but  impro¬ 
perly,  for  Tempering  means  reducing  the 

fteel  into  a  date  between  hard  and  loft ; 
which  admits  of  different  degrees,  accord¬ 
ing  to  the  different  purpofes  for  which 
the  fteel  is  required  to  be  ufed;  and  is 

brought  about  by  adminiftering  a  differ- 
„  ent 
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ent  degree  of  heat.  The  laft,  Nealing, 
is  produced  by  heating  the  fteel  red-hot, 
and  leaving  it,  in  that  ftate,  gradually  to 
cool  of  itfelf which  reduces,  and  brings 
it  back,  to  the  condition  it  was  in  be¬ 
fore  it  was  hardened.  By  clofely  ad¬ 
hering  to  thefe  terms,  we  fhall  be  able, 

• 

under  every  ftage,  to  keep  our  ideas 
perfed  and  diftind,  without  running  in- 
to  errors,  either  on  the  one  hand  or  tne 
other-,  or  being  loft  in  myftery. 

# 
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The  author  of  the  eftay,  in  page  4, 
difcovers,  as  he  himfelf  informs  us,  the 
whole  of  the  myftery  in  the  matter  ot 
hardening  ;  which,  fays  he,  “  may  be 
u  explained  in  very  few  words  :  A  piece 
44  of  fteel  is  heated,  and  becoming  red, 
“  is  fuddeniy  plunged  in  cold  water. 
“  This  little  procefs,”  he  adds,  cc  is  fift- 

G  3  “  ficient 
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“  ficient  to  have  given  a  confiderable  de- 
“  gree  of  hardnefs  to  the  piece  of  lleel, 
“  which  had  it  been  left  to  remain  and 
“  cool  among  the  coals  from  which  it  re- 
“  ceived  the  heat,  would  have  been  ftill 
“  in  a  foft  that  is,  it  would  have 

'•  *  ‘  II 

been  nealed.  As  for  the  myftery,  it  con- 
lifts,  I  fuppofe,  in  what  he  next  remarks; 
namely,  that  though  the  fteel,  when,  with-* 
out  being  plunged  in  the  water,  it  is  left 
to  cool  among  the  coals,  continues  in  a 
foft  ftate;  yet  were  we  “  not  pre-advifed 
“  of  the  fa£t,  but  left  to  guefs  by  which 
€t  circumftance  the  fteel  had  acquired  the 
4<  greater  hardnefs,  we  fhould  be  tempted 
“  to  pronounce  in  favour  of  the  latter.5* 
On  the  contrary,  the  probability  appears 
to  me  to  be  in  favour  of  the  former. 
And  when  I  come  to  a/Tign  the  caule  of 
fteel  becoming  hard  by  being  quenched 


in 
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in  water,  1  believe  it  will  not  appear  fo 
myfterious  as  he  imagines.  In  the  mean 
time,  I  fhall  confider  the  caufe  which  he 
afiigns. 

By  the  “  heat,”  fays  he,  “  we  give 
M  the  fteel  in  tempering”  (hardening,  he 
fhould  have  faid)  “  we  introduce  into  it 
“  innumerable  particles  of  fire,  which  fe- 
“  parate  and  detach  its  parts,  and,  in 
“  a  word,  enlarge  its  dimenfions.  Ln 
u  this  date,”  he  obferves,  “  it  is  prc- 
<c  cipitated  into  cold  water  :  the  water 
“  very  foon  puts  a  flop  to  the  aflion 
“  of  the  fiery  matter,,  which  had  pene- 
“  trated  the  fteel  ;  hence  a  part  of  the 
“  augmentation  which  the  fire  had  oc- 
“  cafioned,  becomes  fixed  in  the  mafs.” 
That  this  is  not  really  a  true  date  of  the 
cafe,  is  extremely  evident,  from  the  hif- 

G  4  fing. 
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fing,  and  even  the  boiling  of  the  water, 
it  the  body  immerfed  in  it  be  of  any  con- 
fiderable  fize;  which  ebullition  continues 
for  forne  time,  but  gradually  declines, 
till  at  laft  it  entirely  ceafes  •,  yet  not  till 
every  atom  of  the  fire  is  expelled,  and 
forced  off  through  the  water.  I  am  very 
ready  to  allow  that  the  fteel  has  an  in- 
creafe  as  to  its  bulk,  during  this  opera¬ 
tion  :  but  this  is  owing  to  quite  another 
caufe  than  that  here  afligned  j  which  will 
appear,  and  even  be  allowed  by  Mr. 
Reaumer  himfelf,  farther  on. 

He  comes  in  p.  7.  to  prove,  the  in- 
created  dimenfion  of  fteel  by  hardening, 
from  the  examination  “  of  a  piece  of 
“  fteel  that  is  broken  after  having  been 
“  hardened,  which,”  he  fays,  “  will  be 

“  found 


* 
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<c  found  to  be  more  porous  than  before:” 
and  in  order  to  this,  he  adds  a  note,  ex¬ 
tremely  curious;  namely,  44  This  afier- 
44  tion  muft  at  firft  fight  appear  extraor- 

44  dinary,”  (indeed  it  muft!)  44  as  thofe 

# 

44  who  have  hardened  fteel,  never  think 
44  that  operation  well  performed,  unlcfs 
44  the  grain  of  the  fteel  appears  to  be 
44  much  clofer  than  that  in  a  foft  ftate.” 
It  is  true,  every  judicious  workman  is 
really  of  that  opinion;  and  cannot  well 
entertain  a  different  one,  whilft  he  hath 
eyes  for  obfervation. 

But  what  is  the  criterion  by  which  this 
extraordinary  pofition  is  proved  ?  Why, 
by  a  criterion,  in  my  opinion,  as  extra¬ 
ordinary  as  the  pofition.  For  he  pro¬ 
ceeds  thus,  imagining  no  doubt  that  he 
is  ftill  following  Mr.  Reaumur:  44  The 

G  5  44  body 
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“  body  of  fteel  hardened,”  fays  he,  “  feem3 
tc  of  a  texture  much  lefs  porous  than  that 
“  which  is  not  hardened  ^  its  grain  is, 
“  neverthelefs,  confiderably  larger,  and 
4£  its  appearance  of  clofenefs  is  owing 
“  entirely  to  the  fluid  matter  which  the 
“  heat  had  difpcrfed  among  its  particles, 
44  and  which  became  fixed  in  the  inter- 
44  dices  of  the  grain,  by  the  fudden  man- 
C4  ner  of  cooling  it.**  And  if  any  reader 
ftili  remain  doubtful,  he  is  brought  to  an 
experiment,  which  is  to  cure  him  of  his 
infidelity.  “  For  he  need  only  quench 
t£  a  piece  of  fteel  that  is  heated  much 
“  more  than  common,  and  he  will  find 
u  the  grain  extremely  coarfe ;  for  the  vio- 
“  lence  of  the  heat  having  driven  the 
“  fluid  matter  from  among  its  interftices, 
44  the  fize  thereof  will  then  be  very  dif- 
<4  cernable.” 


This 
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I 

This  -experiment  among  workmen  is 
termed  burning  of  the  fteel,  or  render¬ 
ing  it  unfit  for  ufe,  without  fome  farther 
operation  to  reftore  it  to  its  priftine  tex¬ 
ture.  Many  an  inftrument  have  I  known 
thrown  away  as  entirely  fpoiled,  when 
this  experiment  has  happened  by  acci¬ 
dent  or  carelefsnefs. 

•  • 

However,  as  an  experiment,  it  by  no 
means  proves  what  it  is  brought  for :  all 
it  proves  is,  that  if  a  body  of  fteel  be 
confiderably  heated  above  what  is  abfo- 
lutely  neceffary  to  give  it  a  proper  har¬ 
dening  •,  the  grains,  atoms,  or  fibres, 
call  them  by  what  name  you  pleafe,  arc 

fo  far  feparated,  by  the  exccfs  of  heat, 

0 

that  plunging  them  in  that  ftate  in  cold 
water,  will  not  afford  a  fufficient  degree 
of  counteraftion,  to  bring  them  together 

G  6  again. 
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again,  into  fo  compact  a  form  as  to  en- 

» 

title  them  to  the  denomination  of  fine- 
grained  hardened  fteel.  And  I  think  it 
extreamly  odd,  that  diftorting  a  body  of 
fteel  by  giving  it  an  over-heat,  and  there¬ 
by  a  coarfe  unconnected  appearance,  when 
hardened,  fhould  be  brought  as  a  proof, 
that  fteel,  hardened  in  the  proper  method, 
occupies  more  fpace  than  before ;  when 
reafons  much  more  conclufive,  and  more 

philofophical,  may  be  brought  to  prove 
the  fame  fad. 

In  excufe  for  fpending  fo  much  time 
in  confidering  this  note,  and  this  part  of 
the  efiay,  I  beg  leave  to  make  this  ufeful 
remark  :  It  has  been  time  out  of  mind 
a  prevailing  opinion,  even  amongft  the 
molt  experienced  workmen,  that  when 
any  inftrument,  a  graver  for  inftance,  is 

thus 
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thus  over-heated,  it  is  entirely  fpoiled ; 
and  accordingly,  as  before  obferved,  it  is 
frequently  thrown  afide  as  ufelefs ;  and  if 
the  fize  of  the  inftrument  is  fufficient  to 

admit  it,  it  is  cuftomary  to  carry  it  to 

% 

the  forge,  give  it  a  frelh  hammering,  to 
clofe  the  pores;  and  then  to  harden  it 
aoain,  at  a  more  moderate  heat.  But  I 
can  aflfure  my  reader,  that  there  is  no  oc- 
cafion  either  to  throw  away,  or  to  re¬ 
hammer,  an  inftrument  thus  apparently 
injured;  for  if  in  this  date  it  be  again 
committed  to  the  fire,  a  proper  heat  for 
hardening  adminiftered,  and  it  be  then 
plunged  into  the  water  afrefli,  the  atoms 
will  be  brought  together  again  in  the 
rnoft  cordial  manner,  and  form  as  fine 
a  texture,  as  can  be  defired ;  and  yet  the 
fteel  will  occupy  more  fpace  than  it  did 
before  it  was  hardened. 


The 
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The  truth  of  the  cafe  is,  that  if  the 
heat  be  too  low,  the  fteel  will  not  receive 
a  fufficient  degree  of  hardening  by  being 
plunged  in  the  water ;  if  it  be  over¬ 
heated,  the  parts  will  be  removed  to  fuch 
a  diftance  from  each  other,  as  to  render 
the  check  it  receives  from  the  plunmno- 

•L  O  t) 

in  the  water,  inefficient  to  reftore  them 
to  a  proper  contact,  fo  as  to  render  it  fit 
to  form  a  fine  inftrument:  but  neither 
in  the  one  cafe,  nor  the  other,  is  the  fteel 
itfelf  really  injured,  the  conftituent  parts 
remaining  {till  the  fame ;  fo  that  if  it  be 
heated  a  third  time  to  a  proper  degree 
only,  and  then  replunged,  it  will  receive 
as  fine  a  grain,  as  if  the  firft  heat  had 
been  adminiftered  with  all  imaginable  ac¬ 
curacy.  This  fecret  I  was  acquainted 
with,  many  years  before  I  knew  any  thing 
of  Mr.  Reaumur  :  I  have  yet,  fo  far  as  I 


can 
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can  recolleft,  communicated  it  only  to 
two  ingenious  mechanics ;  but  having  the 
prefent  opportunity,  I  thought  it  my  duty 
to  make  it  public. 

I  hope  to  be  excufed  if  I  pafs  lightly 
over  the  remaining  pages  of  this  per¬ 
formance,  and  leave  my  readers  to  an  at¬ 
tentive  perufal  of  the  efiay  itfelf,  if  they 
think  it  requifite. 

In  page  the  9th  is  only  a  trial  made 
by  Perault,  retried  by  the  eflayift,  to 
prove  the  enlargement  of  fteel  by  tem¬ 
pering,  as  he  calls  it  j  a  thing,  which  I 
apprehend,  nobody  denies. 

The  next  page  contains  a  calculation 
made  by  Mr.  Reaumur,  of  the  amount  of 

#  4 

that  augmentation  which  fteel  acquires 
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by  hardening;  namely,  a  48th  part  at 
lead  of  its  original  fize;  which  I  prefume 
likewife,  no  one  will  controvert.  The 
writer’s  inference,  I  own,  1  do  not  under- 
ftand,  viz.  <c  1  hat  what  he  has  before 
“  offered  fufficiently  proves,  that  tem¬ 
pered  fteel  is  of  a  texture  more  rare 
“  than  when  it  is  foft.”  If  by  more  rare, 
he  defires  to  be  underftood,  that  the  parts 
of  the  former  are  more  feparated  and  de¬ 
tached  the  one  from  the  other,  than  they 
are  in  the  latter,  I  can  by  no  means  agree 
with  him  :  and  if  the  former  experiment 
of  over-heating  be  again  brought  as  a 
proof;  I  cannot  help  faying,  that  it  is 
really  nothing  more  than  a  mere  deceptio 
vi/us. 

After  a  number  of  experiments  made 
to  prove,  that  the  increafe  of  the  hard- 

nefs 
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nefs  of  fteel,  notwithftanding  the  aug¬ 
mentation  of  its  fize,  is  not  owing,  either 
to  the  fire  or  water  adding  any  matter  to 
the  fteel,  which  occafions  the  increafe, 
and  unites  its  parts  better  together ;  or 
to  its  driving  any  matter  out  of  it,  which 
prevented  the  parts  from  being  fo  well 
united  as  they  might  otherwife  be;  all 
which  experiments  appear  to  me  very  in- 
fignificant,  notwithftanding  Mr.  Reaumur 
himfelf  feems  to  have  given  them  a 
fandtion :  after  all  this,  I  fay,  at  the  bot- 

m 

tom  of  the  2 2d  p2ge,  the  writer  brings 
the  affair  to  a  crifis. 

He  there  obferves  what,  he  fays,  “  is 
“  well  known,  that  the  principal  diffe- 
“  rence  between  iron  and  fteel  is,  that 
“  the  latter  is  very  confiderably  more 
“  impregnated  with  particles  of  lulphur 

“  and 
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*c  and  felt,  than  we  find  the  other  to  be.” 
Here  then  we  are  to  find  the  precife  dif¬ 
ference  between  the  two  ;•  and  at  the  fame 
time,  the  reafon  why,  and  the  manner 
how,  fteel  acquires  the  property  of  be¬ 
coming  hard.  But  how  comes  it  to  pafs 
that  we  could  not  at  once  have  been 

Drought  to  this  criterisn,  without  bein« 

& 

led  through  fo  many  obfcure  and  intricate 
windings?  Would  the  myftery,  as  he  af¬ 
fects  to  call  it,  have  appeared  lefs  fur* 
prifing? 

We  are  next  reminded,  that  both  iron 
and  fteel  have  an  aptnefs  to  imbibe  ful- 
phur,  as  they  acquire  heat;  This  is  ex¬ 
tremely  well  known,  and  is  true  not  only, 
with  refpedt  to  iron  and  fteel,  but  like- 
wife  every  other  metal ;  or  copper  would' 
never  be  converted  into  brafs  by  being 
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in  a  proper  manner  mixed  with  a  due 
proportion  of  lapis  caliminaris  *,  nor  would 
rt  become  what  is  called  bell-metal  by  a 
proper  mixture  with  tin.  But  to  return, 
the  premises  being  admitted,  what  is  the 
confequence  ?  To  determine  this,  we  are 
to  call  in,  it  feems,  the  aid  of  the  mi- 
crofcope,  in  order  to  difeover  the  com¬ 
ponent  parts  of  fteel  \  a  fingle  grain  of 
which,  we  are  told,  is  made  up  of  a  col- 
ledlion  of  other  grains,  which  we  are  to 
term  molecules  •,  and  thefe  appear  like- 
wife  to  be  made  up  of  other  parts,  which 
we  are  allowed  to  fuppofe  are  of  an  ele¬ 
mentary  nature.  And  he  tells  us,  p.  24, 
that  “  to  carry  our  ideas  fo  far  as  the 
“  fubjefc  would  permit,  we  might  ftretch 
u  this  divifion  much  further  ;  but  it  may 
u  be  fufficient  for  the  preient  purpofe  to 
5C  let  it  reft  here.51  And  then  he  informs 
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us,  what  ufe  he  makes  of  this  minute  divi- 
fion,  in  order  to  explain  more  fully,  “  how 
“  fteel  becomes  hard,  when  it  is  cooled 
“  Suddenly,  and  why  it  is  foft,  when  it  is- 
buffered  to  cool  by  flow  degrees.  ”  His 
words  are  thefe,  which  I  quote  at  length, 
that  I  may  not,  by  abridging,  mifrepre- 
ient  them  :  c<  We  have,  fays  he,  under 
“  our  confideration  a  fingle  grain  of  fteel, 
cc  the  molecules  it  is  compofed  of,  and 
4C  the  elementary  parts  of  thofe  molecules. 
<c  Now,  in  expofing  to  the  fire  the  piece 
6<  of  fteel  which  contains  the  grain  (at 
prefent  the  object  of  our  confideration) 
c<  we  fhall  find,  that  the  fulphur  and  falts, 
c<  contained  in  the  molecules,  will  be 
<c  fooner  melted  than  the  molecules  them- 

felves,  and  are  by  the  heat  driven  from 
“  among  the  parts  in  which  they  were 
u  contained,  and  take  place  amidft  its 


vacancies. 
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Thus  the  matter,  which  the 
“  heat  had  expelled  from  within  the  mo- 
“  lecules,  now  fills  up  the  fpaces  between 
“  them  :  it  is  pretty  evident  then,  that> 

“  when  a  grain  of  fteel  has  received  a 
“  certain  degree  of  heat,  the  vacant  fpaces 
“  of  the  molecules,  of  which  it  is  com- 
“  pofed,  are  in  part  filled  up  by  a  ful- 
“  phurous  matter,  which  they  did  not 
“  before  contain,  and  which  had  been 
“  extra&ed  from  the  molecules  them- 
“  felves.  In  this  ftate  the  piece  of  fteel, 
“  which  contained  the  forementioned 
“  grain,  is  fuddenly  plunged  in  water, 
“  and,  in  that  inftant,  we  fix  at  once  the 
“  fulphur  and  falts,  which  were  in  a  ftate 
“  of  fufion,  and  thereby  depriving  them 
“  of  their  fluidity,  they  are  no  longer  in 
“  a  condition  to  re-enter  the  cells,  from 
“  which  they  were  driven.  And  thus,” 

lays 
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fays  he,  cc  the  fmall  interfpaces  of  the 
“  molecules  are  better  filled  up,  and  by 
4C  a  matter  which  we  may  fuppofe  almoft 
“  as  hard  as  we  pleafe  ”  But  is  it  not 
obvious  to  remark,  that  if  the  interfpaces 
between  the  feveral  molecules  are  thus 
filled  up  by  a  fulphurous  and  faline  mat¬ 
ter,  which  is  derived  from  within  the 
molecules  themfelves,  and  which  muft 
be  fuppofed  to  be,  as  it  were,  the  ce~ 
ment,  which  unites  the  elementary  parts 
of  the  molecules  together ;  then  in  pro¬ 
portion  as  the  exterior  parts  of  the  feveral 
molecules  are  more  united  to  one  ano- 
tncr,  and  become  harder,  the  interior  ele¬ 
mentary  parts,  being  deprived  of  this  ce¬ 
ment,  will  become  lefs  united  with  each 
other,  and  be  more  eafily  feparated.  All 
the  effect,  therefore,  which  I  can  perceive 
likely  to  follow  from  a  different  pofition 

Of 
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of  the  fulphurous  and  faline  matter,  which 
is  fuppofed  to  be  contained  in  the  feveral 
molecules,  will  be  the  diffolution  of  the 
©Id  molecules  into  their  elementary  parts, 
and  the  forming  new  molecules  of  other 
elementary  parts,  united  by  that  fulpurous 
and  faline  matter,  or  cement,  which,  be¬ 
fore  it  was  driven  out  of  its  place  by  the 
heat,  united  the  parts  of  the  former  mo¬ 
lecules.  In  fhort  it  appears  to  me  im- 
pofiiblc,  to  account  for  the  hardening  of 
Heel,  merely  by  the  removal  of  the  ful¬ 
phurous  and  faline  matter  from  one  part 
of  it  to  another  *,  fince  what  is  thus  gained 
in  one  part,  will  be  loft  in  the  other.  I 
apprehend,  therefore^  we  fhall  be  obliged 
to  have  recourfe  to  the  introduction  of  a 
certain  quantity  of  fulphurous  and  faline 
matter,  in  order  to  account  for  this  phe¬ 
nomenon  :  of  which  I  fhall  treat  more 
largely  hereafter. 


The 
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The  writer,  p.  29,  not  very  happily 
indeed,  falls  upon  cafe-hardening,  as  the 
fitted:  fubjedt  to  exemplify  his  ideas;  add¬ 
ing  a  remarkable  note,  to  explain  what  is 
meant  by  cafe-hardening.  “  This  opera- 
•  “  tion,”  fays  he,  note,  p.  30,  “  is  termed 
“  by  thofe  who  perform  it,  cafe-hardening, 
“  and  with  much  reafon,  as  the  thing, 
“  which  is  to  be  hardened,  is  heated  in  a 
“  cafe,  ufually  made  of  iron.”  This  hap¬ 
pens  to  be  un  faux  pas ;  and  I  hope  the 
gentleman  will  not  take  it  amifs,  if  I  en¬ 
deavour  to  fet  him  right.  The  term 
then  is  made  ufe  of  to  intimate,  that  by 
the  operation  (which  he  explains  tolerably 
well)  it  is  intended  to  .cover  the  fubjeeft, 
whether  it  be  a  bar,  or  any  particular  in- 
ftrument  made  of  iron,  with  a  coat,  or 
cafe  of  fteel,  thicker,  or  thinner,  at  the 
plcafure  of  the  operator,  as  the  operation 


is 
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is  continued  a  longer,  or  a  fhorter  time  : 
and  he  might  as  well,  for  the  reafon  he 
mves,  have  called  converting  ‘bar-iron 
into  fteel,  cafe-hardening ;  fince  the  bars 
to  be  converted,  are  likewile  confined  in 
a  cafe. 


A  little  farther  on  (p.  32.)  he  remarks, 
that  “  This  method”  (namely  the  opera¬ 
tion  of  cafe-hardening)  “  ufed  even  with 
“  iron,  occafions  a  hardnefs  about  its  fur- 
“  face,  approaching  to  that  of  fteel,” 
and  as  he  exprefles  himfelf  afterwards, 
“  nearly  equal  to  that  of  keel.”  I  muft 
beg  leave  to  inform  him,  that  the  hard¬ 
nefs  thus  occafioned,  is  quite  equal  to 

that  of  fteel  •,  and  that  the  furface  of  the 
metal  is  really  fteel. 


In  a  note  in  the  preceding  page  he 
faith,  “  This  procefs,  however,  is  com- 

H  “  monlv 
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“  monly  ufed  with  iron  only,  fteel  being 
“  capable  of  receiving  a  fufficient  degree 

of  hardnefs  by  the  methods  ordinarily 
cc  pradtifed  for  that  purpofe.”  A  very  odd 
remark  this !  What,  are  there  two  dif¬ 
ferent  methods  made  ufe  of,  the  one  to 
harden  an  entire  piece  of  fteel  *,  and  ano¬ 
ther  to  harden  a  piece  of  iron  cafed  over 
with  fteel  ?  For  my  own  part,  I  never 
heard  of  more  than  one. 

“  Th  is  procefs,  however,”  he  tells  us, 
“  is  commonly  ufed  with  iron  only.” 
But  it  has  been  ufed  with  fteel  alfo  ;  and 
poffibly  I  was  myfelf  the  firft  that  fo  ufed 
it.  And  I  would  here  inform  the  eflayift, 
that  as  a  cafe  of  fteel,  may  be  formed 
upon  a  rod  of  iron ;  lo  a  cafe  of  narder 
fteel  may  be  fuperinduced  upon  a  rod  of 
already  converted  fteel. 


When 
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When  making  artificial  magnets  firft 

O  D 

became  pretty  much  in  practice,  I  among 

others  was  willing  to  have  a  ftroke  at  it, 

and  being  as  willing  to  excel,  I  uled  the 

method  of  cafe-hardening  the  bars;  by 

which  I  found  my  bars  really  did  excel. 

And  the  late  Mr.  Canton,  who  was  fo 

•  * 

lucky  as  to  hit  upon  a  more  expeditious 
method  of  communicating  the  magnetic 
virtue  than  had  before  been  pra&ifed, 
was  a  flirted  by  me  in  procuring  the  belt 
bars  for  his  purpofe.  I  gave  leave  to  a 
very  ingenious  and  worthy  man,  then  in 
my  fervice,  (without  receiving  any  be¬ 
nefit  myfelf)  to  employ  his  leilure  hours 
in  forming  and  hardening  bars  for  Mr. 
Canton,  according  to  a  method  which  I 
had  directed,  and  with  the  nature  of  which 
I  made  that  gentleman  acquainted,  upon 
his  applying  to  me,  previous  to  the  pub- 

14  2  lication 
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lication  of  his  account  of  the  manner  of 
making  artificial  magnets,  in  the  Philo- 
fophical  Tranfa&ions.  To  this  method 
of  hardening  the  bars,  the  knowledge  of 
which  he  received  from  me,  Mr.  Canton 
refers,  when  he  coolly  fays,  (I  wifh  he  had 
expreffed  himfelf  in  more  friendly  terms,) 
the  fmith  that  I  employed,  hardened  them 
fo  and  fo. 

If  the  efiayift  had  followed  his  author 
into  the  next  Memoir,  he  might  have 
met  with  obfervations  worthy  his  notice  ; 
and  perhaps  the  more  fo,  as  fome  of  them 
are  flat  contradiffions  to  thofe  hints,  from 
which  he  had  drawn  fome  effential  con- 
clufions.  Particularly,  whereas,  p.  40,  he 
fpeaks  of  “  fteel  becoming  harder  by 
“  being  tempered  hotter,”  Mr.  Reaumur 
obferves,  p.  344,  that  it  has  been  an  ob- 

fervation 
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fervation  of  fome  curious  workmen,  that 
when  fled  had  been  tempered,  or  har¬ 
dened,  at  too  hot  a  colour,  it  would  not: 
render  it  more,  but  rather  lefs  hard,  than 
when  heated  to  a  more  moderate  decree  ; 
and  I  apprehend  this  to  be  the  fettled 
opinion  of  every  one,  who  merits  the 
name  of  a  good  workman. 

I  hope  I  fhall  be  excufed  having  led  my 
readers  fo  far  out  of  the  way  in  queft  of 
an  imaginary  myftery  in  tempering  of 
fteel :  I  fhall  now  lay  before  them  briefly 
the  true  ftate  of  the  cafe;  that  if  there  be 
any  myftery,  we  may  be  able  to  give  it 
a  proper  inveftigation. 

I  allow  with  Mr.  Reaumur,  that  \Vhen 
the  iron-ftone  is  fir  ft  taken  from  the 
earth,  it  brings  along  with  it  a  very  foul 

H  3  fulphur ; 
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fulphur;  to  remove  which  in  Tome  mea- 
iure,  before -it  enters  the  fmelting-fur- 
nacc,  they  are  obliged  to  give  it  a  ftrong 
torref  action  ;  in  which  operation  not  only 
a  great  part  of  the  fulphur  is  expelled, 
but  the  body  of  the  mineral,  (as  before 
obferved)  is  fo  far  opened,  and  the  ftub- 
born  texture  of  the  compound,  occafioned 
by  the  crude  fulphur  which  ftrongly  binds 
it  together,  is  fo  far  relaxed,  that  when  it 
comes  into  the  furnace,  the  remainder  of 
its  natural  vitious  fulphur  fuffers  an  eafy 
expulfion,  by  the  large  quantity  of  char¬ 
coal  made  ufe  of  in  the  operation,  afilfted 
by  the  ftrong  blaft  of  the  bellows  ;  while 
at  the  fame  time  the  more  kindly  fulphur 
of  the  charcoal  fupplies  its  place,  and 
converts  the  metal  into  a  very  hard  fran¬ 
gible  fteel, 


In 
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In  the  fucceeding  operation  at  the  forge 
called  the  Finery,  if  any  of  its  original 
fulphur  yet  remain,  ot  which  I  apprehend 
there  can  be  only  a  very  inconfiderable 
quantity,  that  likewife  fuffers  a  very  eafy 
fublimation  •,  but  it  happens  at  the  fame 
time,  that  not  only  the  remainder  of  this 
crude  fulphur,  if  there  be  any,  but  like¬ 
wife  a  very  confiderable  quantity  of  the 
more  falutary  fait  and  fulphur,  which  it 
had  recently  imbibed  from  the  charcoal, 
unavoidably  makes  its  efcape,  along  with 
•t  ^  becaufe,  ( notwithftanding  the  fuel 
ftill  made  ule  of  be  charcoal,)  the  opera¬ 
tion  is  performed  in  a  more  gentle  man¬ 
ner,  and  upon  an  open  hearth. 

In  the  courfe  of  this  operation,  the 
metal  through  every  ftage  for  a  confi¬ 
derable  time  ftill  retains  the  character  of 

H  4  fteel  j 
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ftcel  ;  but  of  a  higher  or  lower  degree* 
in  proportion  to  the  quantity  of  fulphur, 
that  has  in  this  manner  been  carried  of f, 
till  at  laft  it  becomes  malleable  ftcel  : 
all  this  Mr.  Reaumur  allows  to  be  true; 
and  he  farther  cbferves,  that  could  the. 

metal  be  in  every  part  uniformly  and 

/ 

equally  applied  to  the  blaft,  it  might  at 
a  certain  period  be  deemed  tolerably  good 
fteel.  But  as  this  equality  is  in  this  man¬ 
ner  very  difficult,  if  ever,  to  be  obtained, 
it  has  been  judged  neceflary  to  carry  on 
this  operation  ftill  farther,  to  reduce  the 
metal  to  fine  malleable  bar-iron,  in  order 
to  its  being  in  a  proper  condition,  to  be 
reconverted  into  bar-fteel. 

But  how  is  this  recovery,  or  reconver- 
fion,  to  be  obtained  ?  Why  ftill  by  the 
medium  and  miniftry  of  charcoal  :  and 

the 


-v 


[  i53  ] 

m 

the  manner  in  which  this  is  effected,  is 
ffiewn  in  a  former  part  of  this  effay,  p.  1 09, 
&c.  where  the  nature  of  the  furnace,  in 
which  the  operation  is  performed,  and 
the  procefs  itielf,  are  fully  deferibed,  as 
well  as  the  changes,  both  external  and 
internal,  which  are  made  upon  the  metaL 

And  now  as  to  the  myftery  of  tem¬ 
pering,  from  every  obfervation  that  can 
be  made  between  the  different  natures  of 
iron  and  fteel,  I  am  obliged  to  fubferibe 
to  what  Mr.  Reaumur  himfelf  has  ad¬ 
vanced  upon  the  fubjeeft,  viz.  T  hat  one 
differs  from  the  other  merely  in  being 
impregnated  with  a  larger  proportion  of 
fait  and  fulphur.  At  his  fir  ft  fetting  our, 
in  his  treatife  upon  the  art  of  converting 
bar,  or  forged  iron  into  fteel,  he  affirms,, 
as  I  have  frequently  obferved,  that  the 

11 5 
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mines  of  iron  are  compofed  of  ferrugi¬ 
nous  parts,  of  earthy  parts,  and  of  parts 
of  fulphur  and  fait.  It  has  been  already 
lliewn,  that  a  method  hath  been  dif- 
covered  to  feparate  the  metallic  parts,  or 
ferrugineous  atoms,  from  the  heteroge¬ 
neous  matters  with  which  they  are  mixed,, 
and  to  reunite,  as  Mr.  Reaumur  obferves, 
the  parts  difperled  into  a  proper  mafs,  to- 
render  the  metal  fit  for  its  feveral  dif¬ 
ferent  ufes.  He  proceeds  to  obferve,  that 
fufion  is  the  firil  mean  employed  for  this 
purpoie. 

Now  if  from  what  has  been  offered,  we 
may  venture  to  take  it  for  granted,  that 
at. the  firft  running  down  of  the  mine,  by 
means  of  the  large  quantity  of  charcoal 
made  ufe  of  in  the  operation,  the  iron  is 
converted  into  a  very  hard  immaileable, 
and  to  the  higheft  degree  frangible,  fteel:  : 

which. 
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which  Mr.  Reaumur  himfelf  allows  to  be 
the  cafe,  and  even  makes  it  the  fir  ft 
term  of  his  gradation,  when  enumerating 
the  various  degrees  of  fteel  in  relpefl  to 
its  different  hardnefs  :  and  if  this  dif¬ 
ference,  as  he  allows,  be  owing  to  one 
degree  being  impregnated  with  a  larger 
proportion  of  fait  and  fulphur  than  the 
other;  from  its  date  of  pure  malleable 
iron,  with  only  fo  much  fulphur  left  as  is 
fuflicient  to  form  a  vinculum,  to  hold 
the  parts  of  the  metal  in  a  proper  degree 
of  cohefion,  to  the  higheft  term  in  his 
gradation  :  I  fay,  allowing  this  to  be  true, 
I  cannot  help  being  of  opinion,  that  every 
degree  of  the  converfion  of  bar-iron  into 
fteel,  from  the  loweft  term  to  the  higheft, 
carries  on  in  the  metal  a  fucceffive  ap¬ 
proximation  to  the  nature  of  a  femi- 
vitreous  body.  Pig-metal,  as  it  is  called.. 
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is  almoffc  as  hard,  and  nearly  as  fufible  as 
glafs.  Bar-fteel  highly  converted,  and 
formed  into  a  proper  inftrument,  will  cut 
glals  almoft  as  readily  as  a  diamond.  A 
bar  of  high  converted  fteel  being  broken, 
and  compared  with  a  bar  of  pure  iron, 
the  former  exhibits  a.  very  different  ap¬ 
pearance  from  the  latter ;  the  one  is  eafily 
brought  into  fufion  in  the  crucible  the 
other,  with  the  greateft  difficulty  •,  and 
fe.arce.ly  at  all,  if  very  pure.  I  have  my- 
lelf  frequently  made  the  attempt but 
without  fuccefs*.  as  I  have  fcarce  ever 
been  able  to  reduce  it  to  afflate  of  fluidi¬ 
ty  *  inftead  of  which,  I  have  been  able 
only  to  tear  the  metal  to  pieces,,  by  fuch 
a  difunion  of  its  parts,  that  when  I  have 
attempted  to  run  it  into  an  ingot,  it  has 
run  out  of  the  crucible  moflly  in  a  fine 
jr.uddy  powder,  with  here  and  there  a  few 

fmall 


[  157  1 

fnrall  maffes  clinging  together  very  loolly. 
And  to  compleat  the  whole,  when  it 
comes  to  be  hardened,  by  being  properly 
heated,  and  fuddenly  quenched  in  cold 

water,  it  becomes  almoil  as  brittle  as 

#  % 

glals  itfelf  j  and  by  a  proper  admixture 
of  other  matters,  afiifted  by  a  flight  pre¬ 
vious  calcination,  it  may  with  no  great 
difficulty  be  run  into  glals.  And  here,  if 
any  where,  I  am  fully  of  opinion  we  muft 
look  for  the  great  myftery  (not  of  tem¬ 
pering,  but)  of  hardning  fteel  :  which 
may  be  briefly  explained  in  the  following 
manner: 

Steel  is  iron  converted,  as  it  is  properly 
termed,  by  the  introdudtion  of  a  certain 
quantity  of  fait  and  fulphur;  which,  being 
not  only  mixed  and  fettled  between  the 
interflices,  but  entering  into,  and  even 
y  making 
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making  a  part  of  the  minuteft  atoms  of 
the  metal ;  and  being,  at  the  fame  time, 
by  a  very  moderate  degree  of  heat  eafily 
brought  into  a  ftate  of  fufion,  fwells  and 
expands  every  atom  of  the  metal;  and 
the  metal  in  this  ftate  being  fuddenly  in> 
merged  in  cold  water,  every  atom,  with 
its  contents,  is  as  fuddenly  arrefted  in 
this  expanded  fituation,  which,  at  the 
fame  time  that  it  increafes  and  fixes  its 
bulk,  renders  it  nearly  as  brittle  as  glafs. 

Having  thus  far  (I  hope  fatisfaftorily); 
cleared  the  way, with  regard  to  the  myftery, 
as  it  has  been  fondly  termed,  of  hardening 
fteel  *,  I  fhall  now  fubjoin  a  few  confidera- 
tions,  with  regard  to  the  myftery,  if  it 
muft  be  fo  called,  of  tempering  fteeL 

This  among  our  Englifli  workmen  is 

termed,  and  I  apprehend  not  improperly,. 

* 

reducing,. 
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reducing  or  letting  down,  tliat  is  lower¬ 
ing  the  nature  of  the  fteel,  by  adminif- 
tering  luch  different  degrees  of  hear,  as 
may  be  proper  to  qualify  the  inffrument 
to  which  it  is  applied,  for  its  intended 
ule. 

Thus,  for  inftance,  with  regard  to  ra- 

4 

zors,  lancets,  and  fuch  curious  inftru- 
rnents,  the  cuftom  is,  either  by  an  open 
fire,  or  by  a  red-hot  bar  of  iron,  to  apply 
the  inffrument  to  the  heat,  and  hold  it 
there  till  the  proper  colour,  by  which  to 
iudge  of  the  heat  given  to  the  inffrument, 
appears  upon  the  furface,  as  perhaps  a 
high  gold  colour;  and  then  the  inffru¬ 
ment  is  again  immerfed  in  the  water,  as 
fuddenly  as  when  it  was  at  firft  hardened; 
this  is  done  in  order  again  to  arreft  the 
phlogiffon  in  its  then  ftate;  as  otherwife, 

the 
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the  heat,  remaining  in  the  metai,  would 
go  on  (till  farther  to  reduce  the  temper  of 
the  inftrument,  till  it  would  be  difqua- 
lified  for  the  purpofe  intended.  If  the 
inftrument  be  of  a  grofter  kind,  the  co- 

A 

lour  muft  be  (till  farther  advanced,  and 
the  temper  ftill  farther  reduced,  till  the 
inftrument  be  judged  fit  to  endure  the 
more  arduous  work  it  is  intended  to  per¬ 
form. 

But  as  no  fubjedt,  that  I  know  of,  re¬ 
quires  a  more  accurate  adjuftment  and 
precifion  in  this  particular,  than  the* 
fprings  of  watches;  I  (hall  Angle  out 
that,  as  one  of  the  mod  interefting,  to 
give  it  a  very  clofe  and  impartial  con- 
fideration. 

The  main  fpring  of  a  watch  is  known 
to  be  a  very  thin  plate  of  fteel ;  in  this 

form 
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form  it  is  brought  into  a  double  ring, 
bound  round  with  wire,  and  committed 
to  a  proper  furnace,  in  order  with  great 
caution  to  give  it  a  fuitable  degree  of 
heat  *,  when  that  is  fuffkiently  acquired, 
it  is  taken  out,  and  dropped  into  a  kettle 

of  oil,  or  warm  mutton  fuet;  for  water 

$ 

would  prove  too  chilling  ,  from  hence 
being  taken  out,  it  has  acquired. a  degree 
of  hardnefs,  very  little  inferior  to  that  of 
glafs.  After  this  it  is  reduced,  or  let 
down,  if  the  fteel  be  of  a  proper  kind  for 
the  purpofe,  to  a  fine  violet,  or  blew  co¬ 
lour;  in  which  ftate -it  becomes  excef- 

fively  elaftic,  infomuch  that  to  make  it 
*  • 

to  (land  bent,  it  muft  be  brought  into  a 
very  acute  curve  •,  nor  can  it  eafily  be 
brought  by  twilling  horizontally  to  alter 
its  form,  without  endangering  its  being 

rent  to  pieces.  But  as  after  this,  it  re¬ 
quires 
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quires  to  be  planifhed  by  the  hammer, 
bled  and  polifhed,  it  again  becomes  de¬ 
prived  of  its  elafticity  to  a  very  confi- 
derable  degree  •,  but  when  it  has  received 
its  laft  degree  of  fine  polifh,  it  is  again 
blued  upon  a  brafs  plate  over  a  lamp,  by 

vn:cn  means  its  former  elafticity  is  per- 
feftly  reftored. 

What  is  here  extremely  remarkable  is, 
that  had  the  fpring  been  wound  up,  and 

placed  in  its  proper  inclofure  in  the 

} 

watch,  without  being  againi  blued ;  it  is 
much  to  be  queftioned,  whether  the  watch 
would  ever  have  meafured  time  with  any 
tolerable  degree  of  exaftnefs  ;  yea,  fo  ab¬ 
solutely  neceffary  is  the  retention  of  this 
blue  fkin,  if  I  may  fo  call  it,  upon  the 
Surface  of  the  fpring,  that  if  ever,  by  the 
inequality  of  the  fpring,  a  more  than  or¬ 
dinary 
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dinary  fri&ion  fhould  happen  among  the 
turns,  fo  as  to  rub  o!h  the  fkin  m  any 
confiderable  number  of  places,  which  I 
have  frequently  known  to  be  the  caie  y 
the-  elafticitv  will  become  fo  vehemently 
difturbed,  that  the  watch  will  never  af¬ 
ford  any  proper  degree  of  iatisfaction  to 
the  wearer,  till  the  old  fpring  be  re¬ 
moved,  and  a  new  one  placed  in  its  room. 
The  ingenious  Dr.  Hook,  in  his  Mico- 
graphia,  taking  particular  notice  of  this 
fine  blue  covering,  gives  it,  very  perti¬ 
nently,  as  his  opinion,  that  it  is  owing  to 

the  fine  fulphur,  prefied  through  the 
pores  by  heat,  and  fixed  by  the  ambient 
air  in  a  fine  vitrified  lamina  upon  the 
fur  face. 

0 

It  would,  I  think,  be  a  very  curious, 
as  well  as  interefting,  query  :  What  is  the 

phy  fical 


phyfical  reafon  of  the  variation  of  elafti- 
city  under  this  variation  of  circumftances  ? 
the  elafticity  of  the  fpring,  upon  the  firft 
tempering  ot  it,  being  prodigious;  and 
in  the  operation  between  the  tempering, 
and  its  acquiring  the  laft  fine  blue 
covering,  being  very  confiderably  ditiri- 
niflied  ;  and,  by  introducing  the  laft 
covering,  being  again  amply  reftored 
and  fixed. 

Having  now  faid  every  thing,  which  I 
apprehend  necefiary,  relative  to  the  na¬ 
ture  of  iron;  tracing  it  from  its  being 
firft  taken  from  the  mine,  through  every 
ftage,  till  it  is  reduced  to  good  bar-iron; 
and  having  likewife  difcovered  what 
change  is  wrought  upon  it,  in  its  con- 
verlion  into  that  ftate,  in  which  it  aflumes 
the  denomination  and  charafter  of  fteef; 

and 


and  marked  out  the  difference  between 
the  one  and  the  other ;  I  now  proceed  to 
confider,  as  I  propofed,  both  hiftorically 
and  phyfically,  the  lately  difeovered  me¬ 
thod,  of  re-melting  bar-fteel  in  a  crucible, 
and  running  it  into  a  iolid  ingot ;  by 
which  means,  when  the  metal  is  properly 
chofen,  and  the  operation  duly  per¬ 
formed,  we  are  furnifhed  with  a  more 
excellent  kind  of  fteel,  for  forr.e  im¬ 
portant  purpoles,  than  was  probably  be¬ 
fore  known  in  England. 

It  is  not  a  great  many  years  fince  this 
difcovery  was  firft  made,  by  a  gentleman 
(as  I  have  been  informed)  refiding  in  tire 
Temple,  an  acquaintance  of  the  late  Lord 
Macclesfield ;  whofe  name  I  could  never 
learn  ;  nor  could  I  ever  gain  the  lead  in¬ 
formation  of  the  means,  by  which  he  be¬ 
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came  poflefled  of  fo  valuable  a  fecret. 
He  however  judged  it  proper  not  to  let 
it  remain  a  fecret  any  longer,  than  till  an 
opportunity  offered  of  difcovering  it  to 
fome  perfon,  who,  he  imagined,  might 
be  able  to  render  it  of  lervice,  in  fome 
fhape  or  other,  to  himfelf,  as  well  as  to 
the  world.  While  the  gentleman  was 
thus  inclined,  there  fell  in  his  wav,  one 
who  had  been  employed  in  flatting  of 
gold  and  lilver  wire  for  the  ufe  of  the 
lace-men  •,  whom  he  judged  to  be  a  pro¬ 
per  perfon  for  his  purpofe. 

Prior  to  this  period,  the  workmen  at 
a  very  confiderable  expence,  and  no  fmall 
rifk,  had  been  obliged  to  fmugpje  thofe 
implements,  or  fteel- rollers,  by  which 
the  wire  is  flatted,  from  Lyons  in 
France  ;  whereas  our  melted  fteel  is 

qualified 
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qualified  to  form  them  in  a  much  better 
manner;  but  dill  liable  to  this  confider- 
able  objection;  that  as  the  fteel  is  obliged 
firft  to  be  forged  into  plates,  there  is  an 
abfolute  neceflity  of  their  being  welded 
in  one  particular  part,  which  not  only 
injures  the  fteel,  when  they  are  bent  round 
the  iron  roller,  but  leaves  a  difagrecable 
roughnefs  upon  that  part.,  where  the 
welding-heat  muft  of  neceffity  be  admi- 
niftered. 

To  obviate  this  difficulty,  the  inge¬ 
nious  Dr.  Lewes  has  propofed  a  more  ad¬ 
vantageous  method  of  forming  thefe  rollers, 
viz.  By  having  them  caft  in  one  entire 
piece,  with  a  proper  opening  in  the  centre, 
by  which  means  they  may  very  commo- 
dioufly  bear  the  difcipiine  of  the  hammer, 
in  order  to  clofe  the  pores,  that  they  may 
become  fit  for  being  hardened. 


Hap- 
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Happening  lately  to  fall  in  the  way  of 
my  ingenious  friend  Mr.  John  Bird*,  who 
difcovered  fome  concern  with  regard  to 
the  difficulty  of  procuring  a  couple  of 
fteel  collars,  to  turn  upon  the  cylinders  at 
the  centers  of  the  large  quadrants,  which 
he  was  than  making  for  the  new  Ob- 
fervatory  at  Oxford,  without  being  fub- 
je£t  to  wear  by  the  friftion  ;  this  hint  of 
Dr,  Lewes’s  fo  forcibly  {truck  me,  that  I 
immediately  propofed  their  being  formed 
in  this  manner;  the  attempt  fucceeded  fo 
well,  that  I  became  thoroughly  fatisfied, 
Dr.  Lewes’s  fcheme  might  eafily  have 
been  put  in  pra&ice,  could  one  difficulty 
have  been  fufficiently  guarded  againft, 
namely,  the  liablenefs  there  might  be  in 
the  rollers  to  caft,  or  fly  in  the  hardening. 
This  difficulty  has  fince  been  overcome 
by  Mr.  Bird,  the  ingenious  artift  juft  men¬ 
tioned.  To  return  : 


The 


[  »69  3 

The  perfon,  to  whom  the  fecret  above- 
mentioned  had  been  communicated,  could 
not  reft  fatisfied  with  a  vigorous  purfuit 
of  his  own  bufinefs,  the  flatting  of  gold 
and  fllvcr  wire,  which  might  in  all  likeli¬ 
hood  have  proved  very  advantageous  to 
him  ;  but  muft  needs,  though  no  com¬ 
petent  judge  of  the  nature  either  of  iron 
or  fteel,  commence  a  maker  of  razors ; 
imagining,  I  prefume,  that  nothing  more 
was  necefiary  to  form  a  good  inftrument 
of  that  kind,  than  its  making  a  fine  bril¬ 
liant  appearance.  For  this  purpofe,  hav¬ 
ing  melted  a  confiderable  quantity  of 
fteel,  without  being  a  judge  whether  or 
not,  it  was  fit  for  the  purpofe  ;  he  applied 
to  a  very  honeft  worthy  man,  one  Mr. 
Humphrys,  a  cutler  near  Covent  Garden, 

who  for  a  fuitabie  premium  became  his 
•  • 
operator. 


I 
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The  razors,  made  from  this  fort  of  fteel, 
wearing,  whatever  was  their  intrinfic  me¬ 
rit,  a  much  finer  face  than  common,  pro¬ 
cured  him  a  pretty  large  number  of  cuf- 
tomers  at  the  weft  end  of  the  town,  where 
he  became  a  confiderable  hawker.  This 
circumftance  foon  alarmed  the  cutlers  in 
that  part.  Upon  which  old  Mr.  Savigny, 
a  very  ingenious  artift  in  his  way,  the 
above  named  Mr.  Humphrys,  with  feveral 
others  whole  names  it  would  be  needlefs 
to  mention,  applied  to  me  ^  and  at  their 
entreaty,  having  built  a  furnace,  I  went 
to  work  j  and  though  at  firft  letting  out  I 
met  with  no  fmall  difficulties,  it  was  not 
long,  before  I  was  enabled  to  furmount 
them,  and  to  furniffi  my  folicitous  cuf- 
tomers  with  a  commodity,  vaftly  fuperior 
to  what  the  perfon,  who  had  rifen  up  in 
their  way,  had  fufficient  fkill  to  procure 

for  his  own  ufe. 
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I  and  my  new  cuftomers  went  on  cor¬ 
dially  for  fome  time,  as  1  had  undertaken 
to  ferve  them  at  a  very  moderate  price. 
But  it  fo  happened,  that  our  razor-maker, 
finding  the  large  expectations  he  had 
formed  in  this  new  employment,  broken 
in  upon  by  my  cultomers,  who  were 
qualified  vaftly  to  outdo  him  ;  foon  fell 
upon  a  new  fcheme,  by  which  he  appre¬ 
hended,  he  might  both  injure  his  com¬ 
petitor,  and  procure  himfelf  great  ad¬ 
vantages.  For  this  purpofe,  he  went  into 
the  North,  to  difpole  of  his  fecret  to  the 
belt  advantage  •,  firft  to  Birmingham  •,  and 
not  finding  fufficient  encouragement  there, 
to  Sheffield-,  and,  as  I  have  been  in¬ 
formed,  offered  his  fecret  to  feveral  con- 

fiderable  manufacturers,  at  fo  extravagant 

% 

a  price,  that  few  or  none  cared  to  be 
purchafers.  However,  he  met  at  hffi  v.th 
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»ome  keen  friends,  who  wormed  the  lecret 
cut  of  him,  fupplied  him  with  a  little 
money,  and  fent  him  back  to  town  ;  and 
they,  being  better  /killed  in  the  nature 
of  Reel  than  he  was,  foon  outdid  their 
mafter.  My  new  cuftomers,  now  finding 
they  could  purehafe  melted  Reel  from 
Sheffield  at  eight  or  ten-pence  a  pound, 
difpatched  their  orders  thither,  without 
any  regard  (which  is  too  common  a  cafe) 
to  the  trouble  and  expence,  which  at 
their  own  requeR  I  had  been  at,  to  ferve 
them  under  their  difficulties.  What  ad¬ 
vantage  this  exchange  hath  been  of  to  our 
London  artificers,  I  fliall  not  pretend  to 
determine  •,  they  befi  know,  or  ought  to 
know,  whether  it  hath  been  of  any,  or 
the  contrary.  But  certainly,  the  difeo- 
very  of  this  affair  at  Sheffield  hath  turned 
out  of  great  fervice  to  that  large  and 

populous 
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populous  feat  of  manufadurers ;  which- 
wears,  as  I  have  been  well  informed,  at 
prefent,  a  very  different  afped  from  what 
it  did  not  many  years  fince,  before  it  was 
in  pofieffion  of  this  new  and  valuable 
branch  of  commerce. 

Thus  have  I  given  a  brief  hiftorical 
account  of  this  recently  difcovered  art  of 
reducing  bar-fteel  by  fufion,  into  a  more 
compad  and  uniform  texture. 

As  to  the  phyfical  nature  of  the  change 
wrought  upon  this  ufeful  metal  by  the 
new  manner  of  reduction;  1  fhall  be  but 
fhort  upon  it ;  and  perhaps  not  quite  l'o 
explicit,  as  fome  perfons,  for  their  own 
intereft,  may  wifh  me  to  be. 

It  has  been  obferved  in  the  beginning 
of  this  effay,  that  no  longer  ago,  than 
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when  Mr.  Reaumur  publiffied  his  treatife 
llPon  cor>verting  bar-iron  into  Reel,  which 
method  of  coming  at  that  valuable  metal 
he  juftly  prefers  to  every  other;  I  fay  at 
mat  time,  this  new  method  of  opera¬ 
tion  was  judged  to  be  very  difficult ;  nay, 
he  pionounces  it  abfolutely  impracticable, 
l  own,  I  was  then  fo  far  of  his  opinion, 
that  I  ffiould  fcarce  ever  have  ventured 
open  fuch  an  attempt,  if  the  practicabi¬ 
lity  of  the  operation  had  not  been  made 
apparent  by  its  having  actually  been  ef- 
teCied  by  the  perfon  I  before  mentioned, 
and  if  I  had  not  likewife  been  ftrongly 
folicitea  to  make  the  experiment. 

What  might  poffibly  lay  a  foundation 
for  the  opinion  of  its  being  impracticable, 
might  be  the  accident,  before  taken  no¬ 
tice  of,  which  fometimes  happens  at  the 
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converting-furnaces-,  when  by  feme  ini- 
, perfection  in  the  pots,  or  chefts,  the  grots 
air  tinds  a  paflage  in  among  the  contents; 
which  is  ever  i'ure  to  demolifh  a  con- 
fiderable  quantity  of  the  metal,  if  running 
it  down  into  grofs  lumps  may  properly 
be  called  a  demolition. 

Some  years  fince,  a  very  fen  Able  man 
fell  in  my  way,  who  had  many  yec.is  been 
employed  at  Mr.  Crawley’s  works  at  New- 
caftle ;  this  perl'on  informed  me,  that  ac¬ 
cidents  of  this  nature  fell  out,  not  un- 
frequently,  at  their  fteel-furnaces  in  that 
place;  and  that  great  quantities  of  this 
reduced  metal,  which  he  had  e\  er  oo- 
ferved  to  be  as  hard  and  obdurate  as  pig- 
metal  itfelf,  had  been  buried  in  the  earth 
to  prevent  a  dilcovery,  lealt  tire  work- 
employed  in  this  part  of  the  works 

I  4  might 
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might  fuffer  on  account  of  their  inad¬ 
vertency.  If  the  relation  given  by  this 
man  was  really  true,  it  is  great  pity  the 
fraud  was  never  difcovered,  and  a  re¬ 
covery  of  the  metal  attempted ;  as  it 
might  eafily  have  been  reftored  by  a  little 
trouble  at  the  Finery,  and  made  into  a 
better  metal,  either  in  the  form  of  iron 
or  fteel,  than  before  the  accident  hap¬ 
pened.  .  But  to  return : 

With  regard  to  the  phyfical  difference 
between  converted  bar -fteel,  and  that 
which  hath  been  reduced  from  the  bar 
by  fufion,  it  confifts  principally  in  the 
change,  which  is  made  by  the  different 
arrangement  of  the  atoms,  which  com- 
pofe  the  metal ;  in  the  former  cafe,  after 
it  is  taken  out  of  the  converting-furnace, 
when  broken,  it  ufually  exhibits  to  the 

eye. 
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eye,  (if  the  iron  made  ufe  of  has  been 
properly  chofen,)  the  appearance  Oi  iaige 
fliining  maffes ;  in  the  latter,  there  ap¬ 
pears  only  a  kind  of  a  giofs  grainy  tex 
turCj  with  this  effential  difference  be¬ 
tween  the  two,  owing  to  their  different 
forms,  that,  though  when  they  are  re¬ 
duced  into  rods,  and  their  pores  clofed 
by  the  hammer,  and  then  propeily  har¬ 
dened,  when  broken  they  (hall  each  of 
them  difeover  an  equally  fine  grain  ;  yet, 
fufter  them  to  be  hammered  into  plates, 
or  any* flattifh  inftruments,  as  lazors  for 
inftance,  and  when  thefe  are  propeily 
hardened  and  tempered,  and  after  that 
finely  polifhed,  place  them  horizontally 
between  your  eye,  and  the  light,  and  \ou 
will  eafily  difeover  a  very  manifeft  .dif¬ 
ference  ;  for  while  the  formei  fhall  ap¬ 
pear  in  this  fituation,  uneven  and  leuify, 

I  5 
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no  poliflied  glafs  can  difcover  a  finer  or 
more  even  furface  than  the  latter.  Or,  let 
them  be  reduced  into  a  proper  form  for 
lefleding-nairrors,  whether  plane,  concave 
or  convex,  and  treated  as  in  the  former 
cafe,  and  the  difference  in  their  appearance 
will  exadly  and  uniformly  correfpond  to 
the  former  inftance.  I  had  the  pleafure 
of  making  feveral  of  thefe  mirrors  for 
tne  very  ingenious  Dr.  Ingenhouft,  while 
he  was  laft  in  England,  which  with  fome 
difficulty  I  found  a  method  to  get  har¬ 
dened,  and  then  had  them  neatly  polifhed, 
much  to  the  Doctor’s  fatisfadion. 

But.  with  regard  to  the  uneven  and 
fcurfy  appearance  above-mentioned,  I 
apprehend  that  to  be  owin^  to  fome 
remaining  quantity  of  foul  fulphur  not 
thoroughly  purged  out,  and  hindering 

the 
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the-  atoms  from  coming  into  proper  con- 
tad  for  let  the  bars  of  iron  be  ham¬ 
mered  down  with  ever  fo  much  caie  and 
accuracy  at  the  Chafery,  and  evt  n  after 
they  are  converted  into  fteel,  they  will 
yet  be  liable  to  many  large  blifters  formed 
on  their  furfaces,  as  well  as  in  the  in¬ 
terior  parts,  by  the  faid  fulphui  .  buc 
when  the  bars  of  fteel  are  reduced  by 
fufion,  the  foul  fulphur  is  fo  far  deftroyed 
or  driven  out,  that  the  atoms  of  the  metal 
are  permitted  to  come  into  dole  contact, 
and  fo  exhibit  a  fmooth  uniform  fur- 

face. 

*  # 

How  thefe  circumftances  may  affed 
the  edges  of  fine  cutting  inftruments,  is 
a  matter  of  ftill  farther  enquiry.  One 
would  naturally  imagine,  that  while  their 
furfaces  are  liable  to  fuch  irregularities, 
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it  Aould  be  next  to  impoflible  to  pre- 
ferve  their  edges  entirely  free  from  them. 
Thus  much  I  apprehend  we  may  fafely 
infer,  that  the  fteel,  which  is  remelted 
from  bars  of  converted  iron,  mull  Hand 
a  much  better  chance  to  produce  inftru- 
ments  more  pure,  better  conneded  in 
tneir  different  parts,  and  confequently 
not  fo  fubjed  to  the  above-mentioned 
inconveniences,  as  when  they  are  formed 
diredly  from  bars  juft  taken  out  from 
the  converting-furnace. 

After  all,  there  is  ftill  much  more 
knowledge  and  experience  requifite,  than 
moft  people  are  aware  of,  to  produce  fine 
cutting  inftruments,  even  though  the  me¬ 
thod  of  reducing  fteel  by  fufion  has  now 
for  fome  years  been  known,  and  put  in 
pradice. 
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I  laft  fummer  took  a  journey  to  Shef¬ 
field,  to  try  whether  it  might  not  be 
poffible  to  have  the  fleel  melted  there, 
upon  fuch  terms,  as  to  enable  me  to  re¬ 
duce  the  price  of  my  razors,  &c.  but  in 
this  I  found  myfelf  greatly  difappointed ; 
for  though  I  took  with  me  fieel  of  the 
moft  excellent  quality,  converted  for  the 
very  purpofe;  though  I  prepared,  and 
carried  with  me,  a  fufficient  quantity  of 
mv  own  flux,  and  had  the  fteel  melted 
under  my  own  immediate  infpeftion  •,  I 
lay,  notwithftanding  all  thefe  precautions, 
when  the  fteel  came  to  be  wrought  into 
razors,  and  other  inftruments,  by  one  of 
the  ableft  artificers  I  could  procure,  they 
fell  fo  far  fhort  of  thofe  made  from  the 
fteel  I  had  before  melted,  and  wrought 
down  to  proper  fizes,  at  my  own  manu¬ 
factory. 


faftory  *,  that  I  could  not  honeftly  dif- 
polc  of  them  upon  any  terms. 


Having 


*  The  fleel -manufactory  in  White-C’rofs-Alley 
in  Middle  Moorfields,  where  the  belt  razors,  lan¬ 
cets,  &c.  made  by  the  author,  may  be  had  ;  as  alfo 
at  Mr.  Thomas  Wilkinfon’s,  at  his  warehoufe  for 
hardware,  & c.  No.  75.  over-againfl  St.  Michael’s 
church  in  Cornhill.  Were  the  author  inclined  to 
facrifice  to  his  own  vanity,  he  might  mention  the 
approbation  and  encouragement  he  hath  received 
from  many  great  perfons,  not  excepting  the  greatefl 
in  the  kingdom  ;  but  he  hopes  to  be  excufed  in  re- 
lating  the  following  circumftance,  that  when  the 
very  ingenious  Dr.  Ingenhoufl  was  lad  in  England, 
after  having  been  for  fome  time  in  quell  of  razors 
peculiarly  excellent,  and  almoft  every  where  difap- 
pointed,  he  was  by  my  late  worthy  friend  Dr. 
Gowen  Knight  furnifhed  with  my  addrefs,  and 
fending  me  a  card,  1  took  with  me  two  dozen, 
and  1  el t  them  with  him  for  his  choice  upon  trial. 
After  fome  time  he  informed  me,  ’he  was  quite 
tired  with  trying  the  razors,  as  he  could  not  find 
one  indifferent  one  amongft  them  all :  and  ac¬ 
cordingly  he  purchafed  at  my  own  price  the  whole 
number.  It  is  with  pleafure  I  recoiled  the  marks 
I  received  afterwards  of  the  Do&or’s  politenefs  and 
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Having  faid  fo  much  upon  the  firft 
part  of  Mr.  Reaumur’s  work,  relative 
to  his  method  of  converting  iron  into 

fteel 

friendlhip,  and  particularly,  the  feveral  letters  he 
honoured  me  with,  when  at  Sheffield,  containing 
a  number  of  curious  enquiries,  as  well  as  orders 
for  various  kinds  of  inftruments,  which  as  I  exe¬ 
cuted  \Vith  pleafure,  fo  i  had  afterwards  the  plea- 
fure  to  know,  that  it  was  to  the  perfed  fatisfadion 
of  my  ingenious  correfpondent. 

It  may  not  perhaps  be  amifs,  if  I  take  an  op¬ 
portunity  in  this  place,  of  laying  down  a  few 
rules  for  the  management  of  razors ;  and  very  few 
may  fuffice. 

After  every  operation,  the  razor  fhould  be  gently 
applied  to  the  flrap,  in  the  following  manner  : 

The  razor  fhould  be  held  in  the  hand  in  fuch 
a  fituation  as  to  prevent  its  turning  on  the  rivet. 
This  may  eafily  be  efleded  by  holding  it  at  the 
fmall  end  of  the  fcale,  in  fuch  a  manner  as  to  have 
fecure  hold  both  of  the  fcale  and  the  blade.  Then 
let  the  razor  be  applied  quite  flat  to  the  flrap,  fo 
as  that  the  back  and  the  edge  may  both  reft  upon 
the  flrap  ;  for  if  the  blade  be  fullered  to  form  al- 
moft  the  leafl  angle  with  the  flrap,  there  will  be 

danger 
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fteel ;  I  fliall,  before  I  conclude,  fubjoin 
a  few  thoughts  as  to  the  latter  part: 
Entitled,  U Art  d’adourir  le  Fer  fondu , 

# 

danger  of  turning  the  edge;  which  will  for  the 
time  render  it  utterly  incapable  of  performing  its 
office.  In  this  cafe  the  only  method  proper  to 
reftore  it,  is  to  draw  the  edge  gently  two  or  three 
times  over  a  little  piece  of  horn,  which  generally  is, 
or  ought  to  be,  placed  at  the  end  of  the  lirap. 
This  will  deilroy,  or  break  off  this  feather-edge, 
as  it  is  called  :  which  is  often  performed  by  the 
barbers  by  drawing  it  over  the  nail  of  their  thumb. 
Then  give  it  a  few  ftrokes  afreffi  upon  the  ftrap, 
which  will  certainly  reftore  it. 

Many  of  my  friends  have  affured  me,  that  by 
Hridlly  adhering  to  the  rules  above-mentioned,  they 
have  kept  their  razors  in  good  orderforfeveralyears, 
without  ever  having  occafion  to  ufe  the  hone.  One 
gentleman  within  thefe  few  days  informed  me,  his 
razor  had  been  ufed  for  feven  years,  without 
having  ever  touched  the  hone.  Notwithftanding 
which,  I  think  it  would  be  proper  now  and  then 
to  have  recourfe  to  the  hone,  as  it  certainly  hath 
a  tendency,  if  it  be  done  but  gently  and  feldom, 
to  keep  the  edge  of  the  inftrument  in  more  com- 
pleat^  order. 


The 


[  lS5  3 

The  Art  of  nealing  or  foftening  caft  Iron  % 
as  to  which  however  very  little  need  be 
I'aid,  as  I  have  reafon  to  apprehend,  the 
luccefs  in  that  attempt  did  by  no  means 
anfwer  his  expectations  •,  neverthelefs,  to 
l'atisfy  the  curiofuy  of  fome  of  my  friends, 

I  fhall  venture  to  lay  before  them  what  I 
know  of  the  matter,  having  tried  in  every 
lhape  the  confequence  of  Mr.  Reaumur  s 
doftrine.  His  reafoning  is  as  follows: 
viz.  If  impregnating  with  a  iufficient 
proportion  of  fait  and  fulphur  will  turn 
iron  into  fteel  •,  of  a  higher  or  lower 
degree  in  proportion  to  the  quantity 
of  •  materials  proper  for  the  purpofe, 
which  are  made  ufe  of,  and  to  the 
time  employed  in  the  operation  •,  then,  if 
I  can  find  matter  of  a  contrary  nature, 
which  by  being  pofiefied  of  a  fufficient 

abforbing  quality,  will  draw  back  and 

drink 
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drink  up  the  oppofite  matter,  by  the  ufe 
of  this  you  may  rob  .the  fteel  entirely 
of  its  fteely  quality,  and  reinftate  it  in  its 
former  condition,  of  being  nothing  but 
fimple  bar-iron.  To  afcertain  the  truth 
of  this  hypothecs,  he,  as  ufual,  made  ufe 
of  a  variety  of  materials,  and  went  through 
a  great  number  of  experiments ;  at  length 
he  leems  to  have  pitched  upon  calcined 
bones  of  animals,  reduced  to  powder,  as 
the  .bafis  of  his  hopes  of  fuccefs  in  this 
undertaking.  It  is  well  known  that  thefe 

i  % 

bone-afhes,  as  they  are  called,  are  the 
matter  made  ufe  of  by  the  refiners,  to 
form  their  tefts,  for  refining  their  <r0ld 
and  filver ;  and  as  the  medium  employed 
for  that  purpoie  is  lead,  the  quality  of 
which  medium  is  to  diffolve  all  the  im¬ 
pure  metal  with  which  the  pure  metals 
happen  to  be  mixed,  and  to  carry  it  off 


in 
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in  fume;  that  part  of  the  impurity,  which 
is  not  thus  carried  off  by  fublimation,  is 
left  to  be  abforbed  by  the  bone-afhes 
which  form  the  teft.  This  confideration 
was.  beyond  difpute  a  proper  foundation 
on  which  Mr.  Reaumur  might  expedf  to 
eredt  his  fuperftrudture.  But  upon  a  far¬ 
ther  profecution  of  the  affair,  he  ioon  be¬ 
came  convinced,  that  the  material  he  had 
pitched  upon  was  not  or  a  proper  natuie 
to  anfwer  his  purpoie  *,  for  though  the 
matter  to  be  wrought  upon,  was  not  com¬ 
mon  fteel,  but  pig-metal;  which  it  has 
been  obferved  is  fteel  of  the  higheft  de¬ 
gree,  yet  fo  powerful  was  the  material, 
that  at  the  fame  time  that  it  extradled 
the  fait  and  fulphur,  it  likewife  by  the 
help  of  the  fire  necefiary  to  be  made 
ufe  of  in  this  operation,  io  far  calcined 

the  metal  as  to  render  it-  a  mere  crocus 

of 
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f">f  iron.  In  order  to  remedy  this  incon¬ 
venience,  he  was .  under  a  neceffity  to 
abridge  and  correct  its  power,  by  mixing 
with  it  a  certain  proportion  of  charcoal 
powdered  *,  as  follows,  to  two  parts  of 

calcined  bones,  one  part  of  powdered 

# 

charcoal.  This  mixture  fo  far  anfwered 

« 

his  purpofe  as  to  reduce  the  metal.  But 
as  his  ultimate  intention  was  to  form  fine 
ornamental  works  from  pig-iron,  and  then 
after  reduction  by  thefe  materials,  to  have 
them  repaired  and  polifhed,  here  he  mif- 
carried ;  for  though  this  method  would 
extrad  the  fulphur  and  fait  from  the  cad 
iron,  yet  in  producing  this  effedy  it  oc- 
cafioned  fuch  a  number  of  pin-holes,  or 
fmall  vacuities  on  the  furface,  as  rendered 
his  works  utterly  incapable  of  being 

polifhed  to  any  tolerable  degree  of  ac¬ 
curacy. 


I  have 
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I  have  thus  laid  before  my  reader,  a  fhort 
but  faithful  narrative  of  his  whole  fcheme. 

If  any  one  fhouid  have  an  inclination,  to 
try  any  farther  experiments  upon  this 
bottom,  he  may  fafely  purfue  his  defign 
from  the  hints  here  difcovered,  without 
giving  himfelf  the.  trouble  to  perufe  the 
whole  performance. 

#  • 

I  have  myfelf  tried  the  truth  of  the 
hypothefis  in  a  rough  way,  as  far  as 
nealing,  or  merely  reducing,  has  any  con¬ 
cern  in  the  matter,  by  a  great  number  of 
experiments-,  two  only  ol  which  I  judge 
neceffary  to  recite  by  way  of  fpecimen. 

I  had  feveral  fmall  ingots  of  call  iron, 
about  three  quarters  of  an  inch  thick  ; 
thele  I  put  into  a  crucible,  covered  all 
round  with  the  matter  above  defcribed, 
and  in  that  fituation  committed  them  to 

the  fire,  where  I  buffered  them  to  remain 

a  fuffi- 
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a  fufficient  time,  then  took  them  out,  and 
gave  them  a  flrong  heat ;  when  the  ex¬ 
terior  parts  were  become  capable  of  bear¬ 
ing  even  a  welding-heat,  while  the  in¬ 
terior  fufiered  an  eafy  diffolution,  and 
ran  out  into  the  fire.  I  ran  fome  other 
ingots  in  the  form  of  piflol-barrels,  which 
having; treated  in  the  fame  manner,  the 
fame  confequence  enfued  ;  the  exterior 
cafes  as  before  remained  firm  and  ftable, 
while  the  interior,  diffolved  and  ran  out, 
and  left  cafes  in  the  entire  form  of  piflol- 
barrels. 

And  now  on  the  whole,  I  think  I  have 
not  made  any  material  omiffion  in  the  pro- 
fecution  of  my  defign  ;  I  only  with  the  tub- 
je£t  had  been  treated  with  a  greater  degree 
or  accuracy.  1  o  elegance  of  (tile  I  make 
no  pretention*  neither  does  the  fubjeef  re¬ 
quire 


quire  it  ^  embellifhments  of  that  kind  are  by 
no  means  requifite,  where  a  faithful  nar¬ 
rative  of  fadts,  founded  upon  cautious  and 
well-tried  experiments,  is  the  principal 
thing  in  view.  I  may  poflibly  be  charged, 
and  perhaps  not  altogether  unjuftly,  with 
having  here  and  there  been  guilty  of 
tautology  *,  all  the  apology  I  have  to  make, 
is,  that  the  performance  has  been  in  a 
great  meafure  compiled  from  old  papers, 
written  at  different  times;  in  reviewing 

o 

which,  in  order  to  reduce  the  fcattered 
hints  into  fome  refem'blance  of  a  regular 

D 

fyftem,  it  is  next  to  impoffible,  that  the 
lame  ideas  fhould  not  fometimes  have 
occurred  again  ;  and  it  might  not  be  quite 
improper  to  repeat  them,  in  order  to 
imprefs  them  the  more  ftrongly  on  thole 
perlons,  tor  whole  benefit  I  am  chiefly 
writing.  Poflibly  I  may  be  thought,  in 

lome 
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fome  few  inftances,  to  have  dealt  too 
freely  with  the  charafter  of  the  very  cc- 
lebrated  Mr.  Reaumur ;  a  character  I  ex- 
treamly  revere,  particularly  as  he  was 
the  firft  who  attempted  to  reduce  the  af¬ 
fair  of  converting  iron  into  fteel  to  a  re¬ 
gular  intelligible  fcience.  I  wifh  he  had 
been  more  fuccefsful  in  the  attempt  •,  but 
he  appears  to  me  to  have  met  with  the 
common  fate  which  attends  the  under¬ 
takings  of  all  gentlemen  in  cafes  of  this 
nature,  who  are  obliged  to  place  their 
chief  dependance  upon  fuch  information 
as  they  are  able  to  colledt  from  workmen, 
many  of  whom  are  ignorant,  and  others 
deceitful  and  impofing.  Mr.  Reaumur 
himlelf  very  pertinently  obferves  the  ig¬ 
norance  in  this  affair  even  of  the  great 
Rohault,  and  intimates  that  he  could 
name  an  hundred  others  in  the  fame  cir- 

cumftancr, 
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cumftance.  And  I  have  more  than  once 
had  occafion  to  remark,  in  the  courfe  of 
this  brief  eflay,  how  little  dependance  is 
to  be  had  on  mod  of  our  lexicon,  or 
dictionary  writers,  in  fubjefts  of  this  na¬ 
ture  •,  I  venture  again  to  offer  it  as  my 
opinion  that  Dr.  Harris,  fo  far  as  I  may 
be  thought  a  competent  jud  ge,  greatly 
excels  all  his  fucceffars  in  that  wav  of 

J 

writing:  at  lead  he  deferves  that  -charac- 
ter,  in  his  judicious  hints  relative  to  the 
fubject  before  us.  But  it  ought  to  be 
oblerved,  that  Mr.  Reaumur  wrote  his 
(reatife  in  a  great  meafure  to  be  an  amufe- 
ment  for  gentlemen,  and  the  appearance 
of  his  book  entitles  it  to  a  place  in  the 
genteeled  library  *,  it  is  finely  printed, 
the  draughts  contained  in  it  are  inimitably 
executed  •,  but  when  you  come  to  examine 
the  vaft  number  of  experiments  he  choofes 

K 
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to  mention,  I  am  greatly  miftaken,  if 
you  do  not  find  many  of  them  extreamly 
trilling,  and  of  fueh  a  kind  that  no  rea- 
foning,  a  priori ,  from  the  nature  of  the 
fubjedt  he  was  upon,  could  by  any  means 
have  led  him  into.  And  I  do  not  re¬ 
member  to  have  met  with  a  fingle  in- 
ftance,  where  'an  artift  in  the  fteel-way 
has  ever  profefled  to  have  received 
any  benefit  from  his  writings.  It  is 
now  fifty  years  fince  his  elaborate  trea- 
tife  made  its  appearance,  during  which 
time,  fuch  have  been  the  improvements 
in  fcience,  particularly  in  magnetifm, 
electricity,  &c.  as  has  occafioned  ftridter 
enquiries  into  the  nature  ot  iron,  and 
fteel,  efpecially  the  latter,  fo  that  gentle’ 

men  of  education  and  fcience  aie  now 

\ 

not  fo  eafily  brought  to  fit  down  fatis- 

ficd  with  mere  theoretic,  and  plaufible 

hypo- 
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hypothefes  *,  but  require  fuch  evidence  as 
will  (land  the  tell  of  the  ftrideft  experi¬ 
mental  ferutiny.  As  I  let  out  with  a  pro- 
feflion,  not  barely  to  amufe  this  fort  of 
fcientific  readers,  but  likewife  to  free 
them  from  wrong  preconceived  opinions 
too  haftily  taken  up,  as  well  as  to  fee u re 
them  againft  fuch  mifapprehenfions  for 
the  future;  I  flatter  myfelf  I  have  not 
fallen  very  far  fhort  of  my  intention. 
However,  1  was  at  the  fame  time  defirous, 
not  only  to  approve  myfelf  to  fuch  gentle¬ 
men,  by  my  endeavour  to  aflift  them  in 
their  laudable  enquiries  ;  but  alfo  to  be¬ 
nefit  thofe  of  my  friends,  and  others,  who 
are  adually  engaged  in  works  of  this  na¬ 
ture,  either  in  a  more  extenfive,  or  con- 
traded  way  ;  and  I  hope  this  little  per¬ 
formance  will  not  prove  without  its  ufc 
to  them  ;  as  I  am  pretty  certain  there  are 

K  2  here 


here  and  there  a  few  hints  to  be  met  with, 
which  have  never  occurred  in. any  written 
accounts  before ;  at  lead:  not  in  any  ones 
that  has  ever  fallen  under  my  obferva- 
tion. 


A  2  P  E  N- 


APPENDIX, 

DISCOVERING 

A  more  perfect  Method  of  Charring 
Pit-Coal,  fo  as  to  rentier  it  a 
proper  Sueeedaneum  for  Charred 
Wood-Coal. 


A  P  P  E  N  D  I  X. 


MANY  attempts  having  been  made 
to  find  out  a  proper  method  ot 
reducing  pit-coal,  in  fuch  a  manner  as  to 
render  it  a  proper  kind  of  fuel  for  the 
reduction  of  the  iron-ore  at  the  lmelting- 
furnace,  as  well  as  for  other  operations 
afterwards  at  the  other  furnaces  •,  and 
even  at  the  various  forges  of  the  working 
cutlers,  where  a  clean  pure  fire  is  always 
attended  with  peculiar  advantages  ;  and 
this  matter  (till  continuing  a  defidcratum 
of  the  utmoft  confequence,  I  have  made 
the  accomplifhment  of  it  my  particular 
ftudy  •,  and  in  the  profecution  of  it  have 
fpared  neither  pains  nor  expence. 
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As  a  foundation  for  this  attempt,  l 
found  it  neceffary  to  be  well  afcertained, 
what  part  of  this  ufeful  mineral  was  re- 
quifite  to  be  difcharged,  as  entirely 
noxious ;  and  what  part  might  be  re¬ 
tained,  as  ufeful  and  falutary. 

For  this  purpofe,  a  few  years  fince  I 
fpent  feveral  months  at  a  friend’s  inShrop- 
ibire,  where  I  was  informed  feveral  of 
thele  attempts  had  been  made,  and  where 
at  that  time  great  quantities  of  this  kind 
of  fuel  were  made  ufe  of,  in  order  to  run 
down  pots  and  kettles,  as  well  as  larger 
works,  fuch  as  cylinders  for  fire-engines, 
&c.  Among  other  information  which  I 
was  able  to  pick  up  in  that  part  of  the 
country,  I  met  with  a  tradition  that  a 
famous  Dutchman  had  made  his  appear¬ 
ance  in  that  neigbourhood  many  years 

ago. 
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ao-o,  under  the  character  of  a  great  con- 
noiffeur  in  the  fmelting  of  iron-ore  with 
pit-coal:  this  perfon  being  thought  to 
have  a  confiderable  lhare  of  knowledge 
in  this  way,  his  propofals  were  eageily 
embraced  by  fome  of  the  iron-mafters ; 
and  no  pecuniary  abidance  was  refufed 
him,  in  order  to  put  his  fcheme  in  exe¬ 
cution.  A  very  coftly  furnace  was  erefted 
for  the  pur  pole ;  much  more  lo,  than  it 
need  to  have  been,  had  the  proje&br 
went  upon  true  and  genuine  principles. 
But  unhappily,  he  had  feme  how  or 
ether  imagined,  that  the  fame  lfluing 
from  the  fuel,  becaufe  it  put  on  a  clear 
and  fplendid  appearance,  muft  be  pure 
enough,  could  it  be  conveyed  to  the  ore 
with  fuffioient  strength,  to  be  a  proper 
diffolvent  of  it.  To  effeft  this,  (as  far  as 
I  could  procure  any  tolerable  account  of 

K  5 
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the  iti'uctnre  of  the  furnace,  which  for 
many  obvious  reafons  mult  have  been 
a  draught  one,)  the  flame  was  by  various 
turnings  and  windings  to  have  been  fo 
urged  on,  and  directed  by  the  force  of 
the  air,  as  to  terminate  in  ftrong  and 
powerful  focufes  againfl:  the  body  of  the 
ore  ;  fo  as  to  have  procured  a  diflolution, 
without  any  of  the  grofs  parts  of  the 
fuel  coming  in  contact,  or  having  any 
immediate  bufinefs  in  the  operation. 

flad  the  Dutchman  better  underftood 
the  nature  of  our  mineral  fuel,  he  would 
never  have  fuppofed,  that  the  flame  could 
by  any  means  have  furnifhed  a  pure  or 
proper  diflolvent  of  the  iron  ore;  his- 
ignorance  in  this  refped  defeated  his  pro¬ 
ject,  as  the  metal  feparated  by  this  me¬ 
thod  difcovered  fuch  extreamly  bad  qua¬ 
lities, 
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lities,  as  rendered  it  abfolutely  unfit,  even 
for  the  moil  ordinary  purpoies.  This 
ill  fuccefs  loon  ifiued  in  the  breaking  up 
of  the  fcheme,  and  the  demolition  of  a 
very  curioully  conftrudled  furnace. 

Whether  this  mifcarriage  furniflied  the 
firft  hint,  of  the  neceffity  of  charring  the 
pit-coal,  in  order  to  render  it  uleful,  by 
carrying  oft  the  phlegm,  and  with  it  the 
more  crude  and  hurtful  pait,  of  the  imv 
and  undigefted  lulphur,  1  am  unable  to 
determine.  But  it  is  a  fadt  now  well 
known,  that  the  method  generally  made 
ufe  of  for  this  purpofe,  is  burning  the 
coal  to  a  cinder,  or  turning  it  into  what 
they  call  coke. 

This  operation  is  performed  in  various 
Moft  of  what  I  faw  burning  for 
K  6  this 


ways. 


[  204  ] 

this,  and  other  purpofes,  during  my  Hay 
for  federal  months  in  Shropfhire,  was 
performed  in  the  following  manner : 

T!iey  railed  a  pretty  large  circular  hil¬ 
lock  of  raw  coals  upon  the  ground,  cover¬ 
ing  them  over  with  earth,  only  leaving 
a  fmall  paflage  open,  for  the  convenience 
°A  fitting  nrc  to  the  heap  ;  and  the  whole 
neap  being  let  a  burning  pretty  flrongly, 
they  then  Hopped  up  the  before-men¬ 
tioned  opening,  with  every  other  crevife 
they  could  pofTibly  dilcover,  to  prevent 
any  accefs  of  the  common  air;  which, 
however,  fometimes,  notwithftandins:  all 
t fieir  precaution,  forced  an  entrance. 
Whenever  that  happened,  the  coals  in¬ 
stead  of  being  burnt  to  a  cinder,  were 
reduced  to  a  heap  of  afhes. 


Such 
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Such  a  procefs  anlwers  the  end  ex- 
treamly  well  for  the  burning  of  peat, 
where  the  allies  only  are  wanted,  as  a 
valuable  manure  for  land. 

In  the  villages  round  about  the  me* 
tropolis,  where  this  fort  of  fuel  is  pre¬ 
pared  for  the  ufe  of  the  malfters,  and  fome 
few  other  purpofes,  they  purfue  a  very  dif¬ 
ferent  kind  cf  management.  They  burn 
the  raw  coals  in  ovens  ercfled  foi  the 
purpofe,  in  fome  convenient  open  place. 
Thefe  ovens  being  from  time  to  time, 
charged  with  a  proper  quantity  of  coals, 
they  fet  them  on  fire.  Near  the  front  or 
opening  of  thefe  ovens  the  chimnics  are 
placed  •,  at  which  outlets,  when  the  coals 
become  fufiaciently  ignited,  the  flames, 
which  play  round  the  interior  parts  of 

the  oven,  make  their  exit,  carrying  along 

with 
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with  them  a  very  confrderable  part  of  the 
crude  fulphur. 

It  may  not  be  amifs  to  obferve  here, 
that  the  coals  made  ufe  of  for  this  pur- 
pofe  at,  or  near  London,  are  of  a  very 
different  nature,  from  thofe  which  are  ducr 

D 

up  in  Staffordfhire,  Yorkfhire,  and  moll 
of  the  northern  counties,  which  abound 
with  mines  of  iron-ftone.  The  coals 
burnt  about  London,  for  making  cinder, 
are  generally,  if  not  always,  fuch  as  are 
brought  from  Newcafile;  which  as  they 
are  not  fo  eafily  reduced  to  alhes,  but  are 
apt,  very  frequently,  to  turn  to  obftinate 
vitrified  clinkers,  are  by  no  means  proper 
to  be  made  ufe  of  for  reducing  iron  in 

o 

fmelting-furnaces,  to  form  pig-metal,  tho’ 
they  may  ferve  for  fome  inferior  purpofes. 
But  fuch  coals  only  are  fit  to  be  made 

ufe 
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ufe  of  for  the  above  intention,  as  are 
eafily  confumed,  leaving  nothing  behind 
but  pure  clean  white  allies. 

But  I  fhould  have  obferved,  that  where 
thele  ovens  are  made  ufe  of,  the  work¬ 
men  employed  at  them,  when  they  imagine 
the  coals  are  fufficiently  burnt,  draw  them 
out  with  an  iron  raker,  upon  the  ground 
before  the  oven,  where  they  endeavour  to 
ftifle  the  yet  remaining  part  of  the  iul- 
phur,  by  quenching  them  with  a  deluge 
of  water.  Thus  they  go  on  charging, 
difcharging  and  fuffocating,  till  they  have 
compleated  their  intended  quantity. 

But  as  neither  this  method,  nor  that 
which  I  had  feen  pradtifed  in  Stafford- 
fhire,  could  upon  the  ftritteft  experimental 

fcrutiny  be  brought  fully  to  anfwer  the 

wilhed- 
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wifhed-for  purpofe  ;  I  employed  my  ima¬ 
gination,  to  find  out,  ifpofiible,  the  effen- 
tial  reafon,  why  wood-coal  charred  fhould 
effectually  anfwer  fo  many  valuable  pur- 
pofes,  while  pit-coal  charred  could  fcarcely 
be  brought  to  any  tolerable  difpofition, 
as  a  fuccedaneum,  to  anfwer  fimilar  in¬ 
tentions.  After  having  tried  no  incon- 
fiderable  number  of  experiments,  and  re¬ 
volved  the  affair  over  and  over,  I  at 
length  imagined  at  leaft,  that  I  had  hit 
upon  the  true  caufe. 

I  was  fully  perfuaded,  with  regard  to 
pit-coal,  as  well  as  wood  or  any  other 
materials  fit  for  fuel,  that  after  the  more 
hurtful,  and  corrofive  part  of  the  fulphur 
was,  in  the  fmoake  and  flame,  fufficiently 
carried  oif,  if  the  remaining  lefs  noxious, 
and  lefs  voracious  fulphur,  could  be 

brought 
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brought  into  a  ftate  as  fixed  and  permanent 
as  that  in  the  charcoal,  I  fhould  become 
poflefled  of  the  wifhed-for  defideratum  : 
And  the  fixing  of  this  remaining  fulphur, 

I  apprehended,  might  be  effected  by  the 
burning  coal  being  reverberated  in  a  clofe 
furnace  or  oven,  till  all  motion  fhould 
ceafe,  and  the  fire,  as  we  exprefs  it,  go 
out  of  itfelf* 

At  this  time,  a  gentleman  with  whom 
I  was  very  intimate  in  Stafford  (hire,  in¬ 
formed  me  that  there  had  lately  been 
difeovered  in  that  neighbourhood  a  rich 
vein  of  iron-done,  from  which  great  profit 
had  been  expefted ;  but  that  upon  trial, 
it  had  produced  only  a  very  bad  kind  of 
red-fear  iron  •,  and  that  by  attempting  to 
make  ufe  of  it,  in  mixture  with  other 
mine-done,  it  had  communicated  the  lame 

bad 
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bad  quality  to  the  whole  mais.  As  I 
thought,  that  trying  the  effect  of  pit-coal 
charred  according  to  the  method  I  pro- 
pofed,  upon  fome  of  this  very  bad  mine- 
itone,  would,  if  it  fucceeded,  be  reckoned 
a  decifive  proof  of  the  utility  and  excel¬ 
lence  of  pit-coal  fo  charred,  I  acquainted 
my  friend  with  my  purpofe,  and  made 
him  the  following  propofal:  That  if  he 
would  be  at  the  expence  of  the  materials, 
find  a  proper  place,  and  employ  an  ex¬ 
pert  workman,  to  ere£t  fuch  an  oven,  as 
I  Ihould  dired,  I  would  take  upon  me 
the  trouble  and  expence  of  fending  down 
a  fit  perfon,  to  fee  the  whole  executed, 
and  the  experiment  properly  made. 

I  fent  down  accordingly  my  own  fervant, 
who  had  for  many  years  accompanied  me 
in  all  my  experiments,  one  in  whole 

judgment 
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judgment  and  fidelity  I  could  place  the 
utmoft  confidence  •,  who  having  received 
full  inftrudtions,  the  building  was  pro¬ 
perly  eredted,  and  made  ufe  of  with  all 
the  fuccefs  that  could  be  wifhed  for  *,  a 
fufficient  quantity  of  the  coal  was  pre¬ 
pared  in  it,  which  was  left  as  above 
hinted  to  expire,  and  die  away  of  itfelf, 
after  the  main  part  of  the  flame  with  the 
crude  fulphur  had  been  conveyed  up  the 
chimney,  and  the  mouth  of  the  oven 
clofely  fhut  up  and  luted,  to  prevent  any 
accefs  of  the  common  air. 

But  before  I  proceed  to  enumerate  the 
many  advantages  refulting  as  the  iffue 
of  this  experiment,  I  apprehend  it  cannot 
be  amifs,  to  apprize  thofe  of  my  readers 
whom  it  may  more  immediately  concern, 
of  fome  of  the  difficulties  which  occurred 
in  the  profecution  of  it. 


As 
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As  I  had  been  all  along  fufpicious* 
that  the  alternate  elevation,  and  fupprcf- 
fion  of  the  fulphurous  vapour,  notwith- 
ftanding  fo  large  a  portion  of  it  had  been 
carried  off  in  form  of  fiame,  would  of 
neceiTity,  when  the  mouth  of  the  oven 
came  to  be  clofely  fhut  up,  fo  as  to  pre¬ 
vent  the  leaft  accefs  of  the  external  air, 
or  efcape  of  the  remaining  fulphur,  oc- 
cafion  fuch  an  expanfion  as  might  en- 
danger  the  blowing  up  of  the  oven  *  for 
this  reafon,  I  defired  my  fervant  to  take 
all  imaginable  care  in  the  conflruftion 
of  the  oven,  or  furnace,  and  more  efpe- 
cially  that  the  crown  of  it  might  be  made 
fufficiently  thick  and  flrong,  capable  of 
refilling  all  oppofition  which  might  pof- 
fibly  be  raifed  againft  it.  In  the  courfe 
of  the  operation  all  this  precaution  ap¬ 
peared  to  have  been  necefiarv ;  for  not- 

withftanding 
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withstanding  thofe  orders  had  been  punc¬ 
tually  attended  to,  yet  they  were  obliged 
to  lay  a  latge  additional  weight  upon  the 
crown,  in  order  to  be  fully  fecured  againft 
the  apprehended  danger. 

This  trial  however,  notwithftanding  the 
few  difficulties  that  attended  it,  turned 
out  as  fatisfadory  as  could  have  been 
expected,  or  even  defired.  During  my 
fervant’s  ftay  upon  the  fpot,  he  recom¬ 
mended  the  trial  of  this  fuel  to  feveral 
ingenious  3rtifts,  and  among  the  reft  to 
fome  in  the  jewelling  way,  who  were 
hardy  enough  to  make  ule  ol  it  in  folder- 
ing  fome  of  their  curious  work  ;  for 
-which  purpofe  they  declared  it  anfwered 
the  end  as  well  as  the  belt  charred  wood- 
coal  they  had  ever  met  with. 


Considering 
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Confidering  the  matter  as  of  great  im¬ 
portance,  I  determined  to  make  all  the 
experiments  I  could  think  of,  in  order  to 
afcertain  the  properties  of  this  new  lbrt 
of  fuel.  I  therefore  procured  a  fuflicient 
quantity  of  the  bad  mine-done  before 
mentioned,  and  with  it  forne  of  the  coke 
or  cinder,  of  both  forts  ;  I  mean  l'ome 
that  had  been  prepared  in  the  common 
method  of  burning,  and  fome  that  had 
been  cured  by  burning  in  the  oven  I  or¬ 
dered  to  be  ereded  for  the  purpofe. 
Having  roafted  a  quantity  of  the  mine- 
ftone,  to  render  it  fit  for  difiolution,  I 
put  a  part  of  it  reduced  to  powder,  into 
a  crucible,  mixed  up  with  a  due  propor¬ 
tion  of  the  firft  fort  of  coke,  powdered 
likewife,  with  fome  of  the  common  flux  : 
when  this  mixture  came  to  feel  a  fuffi- 
cient  degree  of  heat  from  the  fire,  a  re¬ 
paration 
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paration  was  effected,  without  any  extra- 
ordinary  trouble  ;  the  operation,  as  I  ex- 
pefted,  produced  a  very  bad  red-fear  kind 
of  iron,  quite  rotten,  and  of  no  value.  Af¬ 
ter  this  1  mixed  up,  in  like  manner,  a  frefli 
parcel  of  the  mine-done,  with  fome  of  the 
coke  that  had  been  prepared  according 
to  my  direction ;  without  any  peculiar 
degree  of  caution,  except  an  abfolute  re- 
iedlion  of  the  minuted  quantity  of  lime- 
done  in  the  flux  indead  of  which  I  made 
ufe  of  a  very  inoffenfive  flux,  as  cheap 
and  as  eafy  to  come  at  as  lime-done, 
which  I  have  diffidently  hinted  at  in  the 
forco-oino-  efiay.  This  reduction  of  the 
fame  mine-ftone  turned  out  beyond  my 
moft  fanguine  expedations.  The  metal 
at  the  bottom  of  the  crucible  was  fo  far 
from  being  a  red -fear  rotten  iron,  that 
in  fad  it  was  a  very  fine  grained  fteel ; 

lcarcely 
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fcarcely  malleable  indeed,  but  fucTi  as 
with  a  proper  degree  of  caution  fubmitted  % 
to  the  ftroke  of  the  hammer,  fo  far  as  to 
bear  beating  out  to  a  point,  and  after¬ 
wards  underwent  pretty  kindly  the  pre¬ 
cedes  of  being  hardened  and  tempered. 

In  fliorr,  the  coke,  managed  in  this  me¬ 
thod,  I  tried  in  every  fhape  I  could  think 
of,  even  for  converting  iron  into  dee! ; 
and,  in  every  inftance,  it  appeared  fo  apt 
and  proper  a  fuccedaneum  for  charred 
wood-coal,  that,  I  own,  I  fhould  be  at  a 
lofs  which  of  the  two  to  prefer  for  any 
very  curious  purpofe. 

It  may  here  podibly  be  enquired,  how 
fo  valuable  a  difcovery  came  to  be  neo-- 

J  CD 

ledted,  efpecially  in  a  part  of  the  country 
where  fo  much  bufinefs  in  the  iron  way 
was  carried  on?  This  was  owing  to  my 

being 
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being  in  fome  fort  conne&ed  here  with 
two  perfons  of  very  different  qualifica¬ 
tions-,  one  an  expert  iron-mafter,  the 
other  only  a  country  attorney,  a  little 
fond  of  dabbling  in  things  which  he  did 
not  well  underftand.  Juft  when  matters 
were  ripe  for  excution,  the  former  died  ; 
the  other  afterwards  appearing  to  be  a 
perfon,  one  would  not  wilh  to  be  con¬ 
cerned  with,  the  affair  was  for  that  time 
laid  afide. 

t  •  »  f 

It  may  like  wife  be  obje&ed,  that  ars 
oven,  or  furnace,  fit  for  the  purpofe,  it 
fhould  feem  from  what  has  been  hinted, 
would  be  liable  to  many  accidents  and 
inconveniences ;  and  that  a  great  number 
of  ovens  would  be  requifite  to  fupply  a 
fufficient  quantity  of  fuel  for  a  large  iron¬ 
work. 


L 


Thefc 


[  tli  ] 

Thcfc  difficulties,  I  apprehend,  are 
fcarcely  worthy  of  notice,  provided  the 
certainty  of  the  do&rine  laid  down  be 
well  afcertained.  The  very  firft  attempt, 
though  attended  with  a  few  trifling  diffi¬ 
culties,  turned  out  in  every  refpeft  fo  fa- 
tisfaftory,  that  there  can  be  no  doubt, 
a  workman  fkilled  in  erections  of  this  na¬ 
ture  may  be  able  to  improve  upon  the 
fcheme,  by  erefting  fuch  an  oven,  or 
ovens,  as  may  be  better  adapted  to  an- 
fwer  the  purpofe,  than  that  in  which  our 
firft  attempt  was  made. 

As  to  the  number  which  might  be  re- 
quifite  to  fupply  a  large  work,  I  would 
alk  leave  to  interpofe  a  query:  Might 
not  an  oven  be  fo  contrived,  as  to  have 
behind  it,  by  way  of  refervoir,  a  vault 

fufficiently  capacious  to  contain  the  quan¬ 
tity 
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tity  of  fuel  that  might  be  prepared  by 
fire,  fix  or  more  burnings  in  the  oven  ? 
into  which  vault  the  fuel,  when  duly  pre¬ 
pared,  might  be  dilcharged  from  time  to 
time  from  the  oven  under  fuch  precau¬ 
tions,  that  when  fo  difcharged,  the  paf- 
fage  from  the  oven  to  the  vault  might 
be  flopped.  And  as  there  muft  of  ne~ 
ceffity  be  an  aperture  fufficient  to  draw 
out  the  coke  from  the  vault,  that  too 
muft  be  properly  fecured  againft  accefs 
from  the  external  air.  But  after  all,  no 
great  difficulty  or  expence  can  attend  the 
building  of  a  fingle  oven,  in  order  to  try 

v 

the  experiment :  and  if  the  operation  be 
duly  performed,  according  to  the  pre¬ 
cautions  laid  down,  I  will  venture  to  pro¬ 
phecy,  that  the  event  will  exceed  ex¬ 
pectation,  and  certainly  fupply  a  fucce- 
daneum,  that  will  anfwer  e%’ery  purpofe 

L  2  for 
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for  which  charred  wood-coal  can  poffibly 
be  wanted. 

After  I  had  proceeded  as  far  in  this 
operation  as  is  above  related,  upon  an 
interview  with  my  old  fervant,  he  in- 
formed  me,  that  it  would  be  abfolutely 
ncceffary,  in  order  to  prevent  the  blowing 
up  of  the  furnace  or  oven,  to  leave  fome 
outlet  in  the  top  of  the  crown,  that  fonte 
part  of  the  vapour  might  be  fuffered  to 

make  its  efcape,  when  the  expanfion  hap- 

# 

pened  to  be  too  powerful  for  the  building 
to  fuftain  it:  while,  at  the  fame  time,  it 
would  be  as  necefTary  to  prevent  fuch 
efcape  as  much  as  poffible ;  fince  the 
greater  the  quantity  of  this  fine  fulphur, 
which  could  be  brought  to  a  (late  of  fixa* 
tion, '  the  better  the  fuel  would  be  to 

anfwer  the  purpofe.  He  was  of  opinion, 

that 
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that  this  might  be  effeded  either  by  a 
proper  valve*  fuch  as  is  made  ufe  of  in 
the  fteam-engines ;  or  by  fome  other  fimi- 
lar  contrivance.  As  they  had  made  no 
prowifion  of  this  kind  in  the  firft  furnace, 
of  which  he  had  the  direction,  they  were 
fubjeded  to  great  inconveniences  ;  for 
the  ftrength  of  the  vapour  feveral  times 
forced,  its  way  through  little  breaches  it 
had  made  in  the  building,  which  they 
were  under  a  neceffity  of  repairing  in  the 
beft  manner  they  could.  As  the  ftrength 
and  force  of  the  vapour  declined,  they 
took  particular  care  to  prevent  any  farther 
efcape  as  much  as  poffible,  till  at  the 
latter  part  of  the  operation,  they  had 
brought  their  inclofure  to  form  an-  ab* 
folute  occlufum. 

m 

After  all  thefc  mifhaps  and  inconvc- 
niences,  my  fervant  allured  me,  that  the 

fuel 
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fuel  procured  even  in  this  imperfe<5t  man¬ 
ner,  anfwered  the  purpofe,  in  all  the  trials 
he  had  made  of  it,  for  reducing  the  mine- 
ftone,  much  better  than  any  charred1 

wood-coal  he  had  ever  made  ufe  of;  for 
he  found  the  metallic  atoms  mixed  in  the 
ftone,  much  eafier  collected  by  it,  and 

likewife  that  it  entirely  prevented  the 

corrofive  fulphur  of  the  mine  from  cor- 

• 

roding  his  crucibles,  which  common  char¬ 
coal  would  not  always  do.  This  laft- 
mentioned  advantage  I  cannot  but  look 
Upon  as  a  very  peculiar  one,  fince  many 
ufeful  corollaries  may,  I  think,  be  drawn 
from  it. 

I  have  lately  had  it  hinted  to  me  by 
a  gentleman  of  good  underftanding  in 
the  nature  of  manufactures  and  com¬ 
merce,  as  a  thing  much  to  be  defired, 

that 
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that  this  method  of  curing  pit-coal  might 
be  rendered  ferviceable  to  our  wool- 
combers.  I  apprehend  that  this  might 
cafily  be  effe&ed ;  at  leaft,  the  trial  of  it 
might  be  made  at  no  great  expence,  as  a 
fmall  apparatus  would  be  fufficient  for 
that  purpofe. 


THE  END. 
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